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Description 

1. OELD OF THE INVENTION: 

The method and apparatus of the present invention 
relates to the field of digital halftoning. More particularly, 
the present invention relates to the storage of halftone 
cells in an optimum manner to save memory space while 
maintaining performance. 

2. ART BACKGROUND: 

The technique of halftoning is widely used in the 
printing industry for printing continuous tones of images, 
such as photographs, in a discrete form using a limited 
number of colors. For example, a rr>onochrome image, 
such as photographs which appear in newspapers, are 
represented using two colors* black and white, and are 
produced typically by generating black dots on white pa- 
per Color images, such as those found in magazines or 
newspapers, are represented by a small limited number 
of colors. Halftoning takes advantage of spatial Integra- 
tion In order to generate the image. Spatial integration 
is performed by the eye when viewing a small area from 
a large viewing distance wherein the eye averages fine 
detail within the srnall area and records only the overall 
intensity and color of the area. 

By grouping multiple display elements into small 
grids or matrices, called halftone grids, the spatial res- 
olutk>n of the display output is decreased and the overall 
intensity levels or gray levels representable in an area 
is increased. For example, by grouping four display el- 
ements into a 2x2 matrix, the spatial resolution of the 
display output is decreased by half, but the amount of 
gray levels representable are increased to five. 

The halftone grki is defined by mapping a uniform 
grid of small matrices, referred to as halftone cells, over 
the display device output pixel array (hereinafter re- 
ferred to as the display space). The halftone grid has a 
frequency (the number of halftone cells per unit meas- 
ure in the display space) and an angle (the orientation 
of the grkl relative to the display space coordinate sys- 
tem). Each display elerrient (referred to as a 'pixel') of 
the display space corresponds to one element In the 
halftone cell. An area of the display screen can be made 
to approximate a shade of gray by turning a certain 
amount of the pixels within the area on (e.g. 'white') or 
off (e.g. "black') in a predetermined pattern arKJ se- 
quence. In a display device such as a printer, the back- 
ground is initialized to be white reflecting the fact that 
the image will be subsequently output to be printed on 
white paper and the pixels actuated are output as black 
"dots* reflecting the ink printed on the white paper In a 
display device such as a computer graphic display de- 
vice, the background is typically initialized to a black or 
dark color and the pixels actuated are turned on' and 
appear as a white dot or light cok>r on the screen. For 
purposes of explanation, the folk>wing descriptbn will 



refer to actuated pixels as being white. However, it is 
obvksus to one skilled in the art that depending upon the 
system and output device, the actuated pbcels may be 
other predetermined colors. In particular in a corre- 
s sponding printed image, the actuated pixels woukJ be 
black. 

Numerically, the gray level represented within a cell 
is the ratk) of the number of pixels that are white to the 
total number of pixels in that cell. As a cell's gray value 
varies from black to white, increasingly nwre pixels in 
each cell change from black to white in a defined se- 
quence. The order in which pixels change from black to 
white for increasing gray levels is specified by a user 
with a mathematical function called a dot or spot func- 
tion. The spot functk>n is used to calculate a plurality of 
threshold values, one value associated with each dis- 
play element in the halftone cell. The differing magni- 
tudes of the threshold values dictate the sequence in 
which pixels change from black to white for increasing 
gray level, that is, the threshokJ values are compared to 
the value representative of the desired intensity level. If 
the threshold value associated with a particular display 
pixel is greater than the desired intensity level of an ar- 
ea, the pixel is actuated! For further tnfonmatkxi on the 
halftoning process, see, Foley, et at. Computer Graph- 
ics. Principles and Practice. Second Edition , pp 569-573 
(Addison - Wesley Publishing 1990); Ulichney, Digital 
Halftoning . (MIT Press 1987); Adobe Systems, Inc.. 
POSTSCRIPT Language Reference Manual , pp 84-67 
(Addison • Wesley Publishing 1986). 

Typically, one binary representation of the halftone 
cell for each different aitensity level is cateulated accord- 
ing to the user specified spot function, halftone frequen- 
cy and halftone angle. This binary representation is 
called a gray pattern. A collection of gray patterns for all 
possible intensity levels are preoomputed and stored in 
memory. When generating a halftone image, the gray 
pattern for a partrcular intensity is then retrieved from 
memory as needed to determine the pixels to be actu- 
ated. The nnore pixels whfch compose a halftone cell, 
the greater the number of different intensities that can 
be represented and the greater the amount of merrK>ry 
required to store the gray patterns. 

The threshold values generated by the spot functk>n 
are dependent upon the kxiatkvi of the pixels in the half- 
tone cell relative to the center of the halftone cell. If each 
halftone cell is consistently aligned with the pixels in the 
display space, a small halftone cell can be used to rep- 
licate across the entire display space and a single 
threshold array can be employed to determine the order 
of the pixels to be actuated to render an entire image. 
However, typically the halftone grids do not align exactly 
with the display space grid. It is a complex process to 
consistently align each halftone cell with the display 
space grid because the grid size of the halftone cell is 
nonmally not the same grki size as the display space 
and the matrix of halftone cells is typically at a different 
angle of orientation from the display space grid. If a 
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threshold value is generated for each pixel of the display 
space, an infinite amount of different halftone cells 
would have to be computed to address each possible 
configuration of pixel locations within a cell. 

The problem of aligning the halftone cell to the dis- 
play space is illustrated by Rgure 1 . The halftone cells 
are mapped at an angle to the matrix of pixels of the 
display space. Although one vertex of the cell 50 maps 
directly to a pixel location (tn Figure 1 pixel locations oc* 
cur at the intersection of the grid tines), the renr^alning 
vertbes 30, 40, 60 do not. Similarly, the adjoining half- 
tone cell, having vertices 10, 20, 30, 40. does not align 
precisely with the pixel matrix. Because the relative pixel 
locations within each halftone cell vary from halftone cell 
to halftone cell, the threshold values generated for each 
pixel location would be different in each halftone cell. 

To overcome this problem, a technique has been 
devised to align the halftone cells with the pixel matrix 
with the minimal of error wherein the vertices of the half- 
tone cell are rounded off to the closest pixel. This may 
be visualized by referring to Figure 2a. Utilizing the 
length of one side of a cell which directly corresponds 
to the user specified halftone frequency and the desired 
halftone cell angle with respect to the coordinate space 
6^ the revised cell frequency value Is determined ac- 
cording to the following equations: 

a=INT[R^ cos (G^)] 

b = INT[R^ sin (ejl 

where is the desired length of a side of the halftone 
cell, 8^ represents the desired angle of the halftone cell 
with respect to the display space. INT represents an in- 
teger rounding function which rounds the vertex to the 
closest pixel. The "a* value represents the incremental 
integer amount (in units such as pixels) from one vertex 
to the adjacent vertex along a first axis (e.g., the x axis) 
and "b" represents the incremental integer amount 
along the second axis (e.g.. the y axis). Thus, the actual 
length of the halftone cell (RJ is equal to SQRT (a^ + 
b^) and the actual angle is 8^, where 8^ is equal to 
ARCTAN (b/a) and SQRT represents a square root func- 
tion and ARCTAN represents an arctangent function. 
Hereinafter ed is referred to as the "desired halftone an- 
gle* and da is referred to as the 'actual halftone angle*. 
Rd is referred to as the "desired cell frequency*, and R^ 
is the "actual cell frequency.* Using the actual halftone 
angle 8^, the actual cell frequency R^. and the values a 
and b, the adjusted halftone cells can be constructed. 
The adjusted halftone cells can be constructed, as illus- 
trated in Figure 2b, across the display space to com- 
plete the mapping of halftone cells to the matrix of dis- 
play space. Me actual halftone cells constructed are of 
equal size and align with the pixels of the display space 
whereby one single threshold matrix is applicable to all 



halftone cells. 

The drawback to this technk^ue is the error intro- 
duced by adjusting the halftone cell. The angle of the 
actual halftone cell to the display coordinate space (8^ 
s and the length of a side of the actual halftone cell (R^) 
vary slightly from the desired angle and frequency (8^ 
and introducing a small error. 

The error between the actual frequency R^. the ac- 
tual angle dg and the desired frequency and the de- 
10 sired angle 6^ can be decreased by constructing "super- 
cells.* as illustrated in Figure 3, which are composed of 
a plurality of halftone cells. The angle of the supercell 
to display space and actual frequency of the halftone 
cell can be adjusted to be quite close to the user the 
IS desired angle and frequency by increasing the number 
of halftone cells contained in each supercell. The larger 
the supercell, the smaller the adjustment error, but the 
greater the size of memory required to store the super- 
cell containing the threshold values. Thus, there is a 
tradeoff between precision, i.e. the size of the adjust- 
ment error, and the amount of memory required. Typi- 
cally, the tradeoff is resolved by the user setting a pre- 
determined tolerance and generating a supercell that is 
within the tolerance. For example, if the user specified 
angle is 15° and the tolerance is set to be .01**, a super- 
cell would be generated that has an angle within the 
range of 14.99* to 15.01*. Once the size of the halftone 
cell is determined, the cells are "stitched* together 
across the display space. 

The arrK>unt of memory required to share the 
threshold array is very important with respect to the cost 
and performance of the system. Depending upon the tol- 
erance of angle and frequency specified by a user, the 
storage of information can take up a lot of memory. In 
addition, typical storage techniques fluctuate according 
to the the angle of the halftone cell relative to the display 
space. 

EP-A2-0 427 380 (Adobe) disck>ses a method for 
producing halftone images using supertiles including 
more than one halftone cell, which can be reshaped to 
use only whole pixels to form a "Utah* tile comprising 
two squares generally resembling the US State of Utah. 

SUMMARY OF THE INVENTION 

It is therefore an aim of the present invention to pro- 
vide a method and apparatus for storing halftone cells 
in the minimum amount of memory space. 

It is a further aim of the present invention to provide 
a method and apparatus for storing halftone cells for 
rapkJ and easy retrieval utilizing the minimum amount 
of menrrary space. 

According to the present invention there is provided 
a method as set forth in claim 1 . 

Also according to the present invention there Is pro- 
vided an apparatus as set forth in claim 14. 

In the preferred method and apparatus, an image 
generation apparatus is provided in which a digital half- 
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tone cell of threshotd values is generated and broken 
down into a plurality of titss determined from the loca- 
tions of the four corners of the halftone cell. The tiles 
when put together form a bounding box around the half- 
tone cell These tiles are arranged into a threshold array 
of threshold values wherein the width of the array is 
equal to the number of threshold values in a sequence 
of threshold values across a row of contiguous tiles and 
the height of the array is equal to the greatest common 
denominator of the x axis increment and y axis incre- 
ment between vertices of the halftone cell. 

The threshold array is stored in memory for subse- 
quent reference during the halftoning process. Through 
the method and apparatus of the present invention the 
amount of memory required to store threshotd values is 
reduced sut>stantially while the speed and ease of ac- 
cessing the threshold values during the halftone proc- 
ess is maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the 
present invention will become apparent from the follow- 
ing description of the invention in which: 

RGURE 1 illustrates four adjacent halftone cells. 

HGURES 2a and 2b illustrate the adjustment of the 
halftone cell to conform to the display space grid. 

RGURE 3 illustrates a halftone "supercell" com- 
posed of a multiple of adjacent halftone cells. 

RGURE 4 Is an illustrative computer system utilized 
in the system of the present invention. 

RGURE 5a illustrates a bounding tx>x generated 
around the the halftone cell and 

RGURE 5b illustrates the tiles generated in the pre- 
ferred emt>odiment of the present invention. 

RGURES 6a and 6b are flowcharts describing a 
preferred embodiment of the method of the present in- 
vention. 

RGURES 7a and 7b Illustrate the generation of tile 
in the preferred embodiment of the present invention. 

RGURES 8 and 8b illustrate the utilization of point- 
ers in the preferred emtsodlment of the present inven- 
tion. 

RGURES 9a and 9b illustrate the tiling concept uti- 
lized in the preferred embodiment of the present inven- 
tion. 

RGURES 10a, 10b, 10c, lOd and lOe illustrate the 
procedure of "unwrapping" the tiles employed in the pre- 
ferred emtxxJiment of the present invention. 

RGURE 11 illustrates the mapping of the threshold 
array to the display space in the preferred embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE IIWENTION 
Notation And Nomenclature 

The detailed descriptions which follow are present- 



ed largely in terms of algorithms and symbolic represen- 
tations of c^erations on data bits within a computer 
memory. These algorithmic descriptions and represen- 
tations are the means used by those skilled in the data 

5 processing arts to most effectively convey the sub- 
stance of their work to others skilled in the art. 

An algorithm is here, and generally, conceived to be 
a self-consistent sequence of steps leading to a desired 
result. These steps are those requiring physical manip- 

10 ulations of physical quantities. Usually, though not nec- 
essarily, these quantities take the form of electrical or 
magnetk: signals capable of being stored, transferred, 
combined, compared, and otherwise manipulated. It 
proves convenient at times, principally for reasons of 

1^ convnon usage, to refer to these signals as bits, values, 
elements, symbols, characters, terms, numbers, or the 
like. It should be borne in mind, however, that all of these 
and similar terms are to be associated with the appro- 
priate physical quantities and are merely convenient la- 

20 bels applied to these quantities. 

Further, the manipulations performed are often re- 
ferred to in terms, such as adding or comparing. whk:h 
are commonly associated with mental operations per- 
formed by a human operator. No such capability of a 

25 human operator is necessary, or desirable in most cas- 
es, in any of the operations described herein which form 
part of the present invention; the operatk>ns are ma- 
chine operations. Useful machines for perfomiing the 
operations of the present invention include general pur- 

30 pose digital computers or other similar devices. In all 
cases there should be borne in mind the distinction be- 
tween the method operations In operating a computer 
and the method of computation itself. The present in- 
vention relates to method steps for operating a compu- 

35 ter in processing electrical or other (e.g., mechanical, 
chemical) physical signals to generate other desired 
physical signals. 

The present invention also relates to apparatus for 
performing these operations. This apparatus may be 

40 specially constructed for the required purposes or it may 
comprise a general purpose computer as selectively ac- 
tivated or reconfigured by a computer program stored 
in the computer. The algorithms presented herein are 
not inherently related to a particular computer or other 

^ apparatus. In particular, various general purpose ma- 
chines may be used with programs written in accord- 
ance with the teachings herein, or it may prove more 
convenient to construct more specialized apparatus to 
perform the required method steps. The required struc- 

50 ture for a variety of these machines will appear from the 
description given below. 

General System Configuration 

55 Figure 4 shows a typical computer-based system 
for rendering digital halftone images according to the 
present invention. Shown there is a computer 101 which 
comprises three major components. The first of these is 
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the input/output (I/O) circuit 102 which is used to com- 
municate Intomfiation in appropriately structured form to 
and from the other parts of the computer 101. Also 
shown as a part of computer 101 is the central process- 
ing unit (CPU) 103 and memory 104. These latter two 
elements are those typically found in most general pur- 
pose computers and alnrx^st all special purpose comput- 
ers. In fact, the several elements contained within com- 
puter 1 01 are intended to be representative of this broad 
category of data processors. Particular examples of 
suitable data processors to fill the role of computer 101 
include machines manufactured by Sun Microsystems, 
Inc.. Mountain View. California. Other computers having 
like cap£U>ilities may of course be adapted in a straight- 
forward manner to perform the functions described be- 
low- 

Also shown in Figure 4 is an input device 105, 
shown in typical ennt^odiment as a keyboard. It should 
be understood, however, that the input device may ac- 
tually be a card reader, magnetic or paper tape reader, 
or other well-known Input device (including, of course, 
another computer). A mass memory device 106 is cou- 
pled to the I/O circuit 102 and provides additional stor- 
age capability for the computer 101. The mass memory 
may include other programs and the like and may take 
the form of a magnetic or paper tape reader or other well 
known device. It will be appreciated that the data re- 
tained within mass memory 106. may, in appropriate 
cases, be incorporated in standard fashion into compu- 
ter 101 as part of memory 104. A cursor control 108 is 
used to select command modes and edrt the input data, 
and in general provides a more convenient means to 
input information into the system. 

In aiddition, a display monitor 107 is illustrated which 
is used to display messages or other communications 
to the user Such a display monitor nr\ay take the form 
of any of several welt-known varieties of CRT displays. 
Preferably, the display monitor 1 07 may also display the 
graphic images, i.e.. digital halftone images rendered 
according to the process of the present inventran. The 
raster display monitor is composed of a nnatrix of display 
elements, referred to as pixels, which are actuated or 
"turned on" in a predetermined manner to form an im- 
age. The image data representative of the image to be 
displayed is first written to the frame buffer 110. The im- 
age data identifies the color, intensity and k)cation of 
each display element to be actuated. A display controller 
109 reads the Image data from the frame buffer and ac- 
tuates the pixels to generate the irr^ge. 

Process Description 

A preferred emlxxliment of the digital halftone proc- 
ess of the present invention will be discussed in refer- 
ence to the flow charts of Figures 6a and 6b. At block 
200 the user specifies the frequency of the halftone cell 
to be generated, the angle of the halftone cell is to be 
oriented with respect to the display space grid and a tol- 



erance that the angle can vary within and still be within 
limits. For example, the user may specify a halftone fre- 
quency of sixty halftone cells per inch at an angle of 1 S° 
and a tolerance of .01 degrees. For example, referring 

s to Figure 2a, the desired halftone cell has vertices or 
end points 30.40.50 and 60. At block 210 of Rgure 6a. 
a halftone cell adjusted to the display space grid is gen- 
erated. The adjusted halftone cell has end points 80. 90, 
50 and 70. The adjusted halftone cell end points are de- 

10 tenmined using the foltowing equations: 

a = INT(R^ cos {%)] 

b = INT[R^sin{ej] 

Where Rj is the desired length of the side of the halftone 
cell, represents the desired angle of the halftone cell 

20 with respect to the display space and I NT represents an 
integer rounding function which rounds the value to the 
closest integer. 

The "a" value provides the incremental integer 
arrK>unt in units of the display space (e.g. pixels) from 

2S one vertex of the halftone cell, for example vertex 50, to 
the adjacent vertex, vertex 70, along a first axis (e.g.. 
the x axis) and "b* represents the incremental integer 
amount along the second axis (e.g., the y axis). To de- 
termine the next vertex, vertex 60, of the cell in the di- 

30 agonal direction relative to the vertex determined, the 
value of a is used as the incremental integer amount 
a\ong the second axis and the value of b is used as the 
incremental integer amount along the first axis. Similar- 
ly, the next vertex, vertex 90, is determined using the 

3S value of a as the incremental amount ak>ng the first axis 
and the value of b along the second axis. 

As illustrated in Rgure 5a. this process may be con- 
tinued to determine all adjacent vertices. 50, 70, 60. 90, 
and bounding boxes. The bounding box is a square ori- 

40 ented on the x and y axes which encompasses the ad- 
justed halftone cell with edges 330. 335, 340, and 345. 
Each side of the bounding t>ox intersects a vertex of the 
halftone cell and the axis that each side of the bounding 
k>ox is oriented on is the major axis of the corresponding 

4S skle of the halftone cell. The length of each edge is the 
size of a+b. As will be explained, the bounding box is 
mapped to the display space. Preferably, to save com- 
putational time and expense, the vertices for a single 
bounding box are determined. The same bounding box 

so can then be applied to the entire display space thereby 
saving memory and simplifying the rendering process. 
Thus it is preferred that a single cell is constructed and 
the vertices determined using a and b. This may be 
graphically seen referring to Figure 5a which shows the 

55 halftone cell 300 at a predetermined angle with respect 
to the display space grid which runs in a horizontal and 
veriical orientation of 0^ and 90°. Tiles whk:h are used 
to represent the halftone cell may be graphically deter- 
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mined by first drawing the bounding box 325 around the 
vertices 50, 70. 80 and 90 of the adjusted halftone cell, 
block 220. This bounding box 325 has a first side 330. 
second side 335, third side 340 and fourth side 345. At 
block 220 the tiles which are to be used to represent the 
halftone cell are then constructed. Referring to Rgure 
5b. five tiles are constructed 350. 355, 400, 405, and 
410. These five tiles 350, 355. 400. 405 and 410 form a 
bounding box around the adjusted halftone cell 300. The 
tiles are delineated by the lines connecting the vertices 
50, 70. 60 and 90 of the adjusted halftone cell. These 
tiles are representative of the threshold values stored in 
memory to represent the halftone cells of the display 
space. It should be observed that tile 350 is a duplicate 
of tile 400 and tile 355 is the same as tile 405. and do 
not need to be separately represented in memory. Thus 
the entire display space is defined by the three tiles 400, 
405 and 410. The tiles are mapped the same with re- 
spect to each other regardless of the location of the tiles 
tn the display space, thereby provkiing a straightforward 
means for utilizing the tiles. 

The three tiles 400. 405, 410 generated are simply 
rectangles. Referring to Figure 7a. the size and orien- 
tatbn of the tiles with respect to the bounding box will 
now be described. A first vertex 50 is established to be 
at x.y coordinate location (0.0). The adjacent vertex 70 
wouM then be at locatksn (a.b) because as discussed 
above the incremented value along the x axis is equal 
to a and the incremented value along the y axis is equal 
to b. The next vertex 80 is at location (a-b, b+a) because 
the incremental value in x is equal to b and the incre- 
mental value in y is equal to a. It foltows that the last 
vertex 90 Is at kx:^tk>n (-b,a). Similarly, the number, size 
and shape of the tiles are dependent upon the size and 
orientation (i.e.. the value of G) of the cell. For example, 
if 8a is equal to 0**, 90" or 180* only one tile will be gen- 
erated. If Ga is equal to 45^ 135». 225*, or 31 5", two 
tiles will be generated. However, typically 3 tiles are gen- 
erated. 

The first tile 405 is generated according to adjacent 
vertices whereby the vertices form opposing vertices of 
a rectangular tile. These vertices may be viewed as the 
endpoints of the diagonal line through the rectangle. As 
shown in Figure 7a. using the two vertices 80 and 90 of 
the halftone cell (a-b. b-i^) and (-b.a), the remaining two 
tile vertices are easily determined to be the rerr^tning 
vertices of the rectangle at locations (a-b, a) and (-b. 
b+a). 

The second tile 400 is similarly determined using 
the vertex 70 (a,b) and vertex 80 (a-b, b+a) as the end- 
points of the diagonal line through the rectangle. Thus 
the vertices of the second rectangle are (a-b, b), (a, b). 
(a,b+a) and (a-b,b). 

The third tile 410 has a common vertex (a-b,b) with 
the second tile 400 and a comrrvxi vertex (a-b.a) with 
the first tile 405. The third vertex is established at the 
locaton collinear with the first vertex of the cell (0,0) and 
is collinear with the second vertex (a.b) of the cell. Thus 



the vertex is located at (O.b) and forms the diagonal 
across the square formed with (a-b,a). Simple geometry 
indicates that the fourth vertex is k)cated at (0,a). 

The remaining two tiles 350 and 355 whk;h cover 
s the cell [(0.0). (O.a). (•b,a). (-b.O)] and [(a.O). (a.b). (O.b), 
(0.0) are simple repetitions of the first tile 405 and the 
second tile 400 tile and therefore do not need to be 
stored in memory. Instead, during the halftoning process 
these three tiles wilt be referred to for retrieval of thresh- 
to old values. 

Figure 7b is a visual illustration of the mapping of 
the tiles across a simple address space. The spatial re- 
lationship among the three tiles are constant, and the 
process of mapping the tiles to the display space is stm- 
ts plified. 

Once the tiles have been determined, at block 230, 
Figure 6a, the threshold values to be used to perform 
the half-toning process are generated. The threshold 
values are computed according to a spot function whk^h 
20 generates a value for each pixel which is then, during 
the hatf-toning process, compared to the desired inten- 
sity value and is used to determine whether a pixel is to 
be turned on or off. Me spot function is a user specified 
mathematical function and can be one of the many spot 
25 functions known to those skilled in the art. It should be 
noted that the spot functkxi and threshold values gen- 
erated therefrom are illustrative only of spot functk>ns 
and threshoki values generated and the present inven- 
tkjn may be implemented using a variety of spot func- 
30 tions and threshold values. 

An exemplary spot function is the circle spot func- 
tion wherein the threshold values determined from the 
equation /(x,y)=1 -x2-y2 where x and y are the coordi- 
nate values of a pixel in a halftone cell relative to the 
35 center of the halftone celt. To generate the threshold val- 
ues, the coordinate values are translated and scaled to 
a coordinate space centered around the half-tone cell 
having the limits of the space between -1 and +1 . For 
each pixel within the half-tone cell, the x.y coordinate 
40 pair (transformed coordinates) is used to generate an 
intermediate value using the spot functkxi. Once an in- 
termediate value has been generated for each pair of 
the coordinate values within the halftone cell, the inter- 
mediate values are sorted according to their magnitude 
<5 and the threshold values are generated based on the 
sorted order. For example, if a total of 50 pixels are with- 
in a single half-tone cell and the range of intensities or 
gray scale to be simulated is between 0 and 255, the 
incremental threshoki value is determined to be 
so 255+50. which equals 5.1 . Thus the first pixel after sort- 
ing which has the highest intermediate value is given a 
value of 255, the second pixel a value of 249.9, the third 
pixel a value of 244.8. This process continues until the 
last pixel on the sorted list is given a value of 5.1 . These 
55 values are the values stored in memory and are ac- 
cessed during the rendering process to generate half- 
tone Images. 

Although the tiles can be stored in memory in the 
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form as shown for example in Figure 7a, the process of 
mapping the tiles to the display space or for fetching the 
threshold value of a particular pixel during the rendering 
process is quite costly and time consuming. To minimize 
the amount of memory needed to store a half-tone cell 
and still provide a quick and simple method to access 
the threshold values during the rendering process, the 
tiles are unwrapped and organized in an array referred 
to as a threshold array, which provides a more simple 
mapping to the display space. This array is minimal in 
size but still is easy to access and map to the display 
space. 

The process illustrated by Figures 8a and 8b illus- 
trates how a threshold array is reconstructed from un- 
wrapping the three tiles 400, 405, and 410. Hereinafter 
we refer to tile 405 as tile T1 . tile 400 as tile T2 and tile 
410 as tile T3. A pointer table is generated to identify 
the mapping of pixels in order to tile across the display 
space. Each entry in the pointer table corresponds to 
one element in the three tiles, which can be coordinated 
with the rendering process for generating the output val- 
ues of pixels on a scan line by scan line (i.e., row by 
row) basis. The pointer value in the pointer table indi- 
cates the row and tile that is adjacent to the right most 
element in the row and tile currently being accessed for 
rendering. Because the spatial relationship among the 
five tiles 350, 355, 400, 405 and 410, is fixed across the 
entire display space, one pointer table is applicable for 
tiling across the entire display space. For example, re- 
ferring to Figures 8a and 8b, by mapping the first pixel 
in the first row of tile T1 to the first pixel in the first scan 
line of the display space, the threshold values in that row 
of the tile from the left rnost pixel to the right most pixel 
are utilized to render pixels in the first scanline. When 
the end of the row in tile T1 is reached, the system refers 
to the pointer table which identifies the next tile and the 
row of the tile to be utilized adjacent to the right most 
pixel of the current row in T1 . In the present illustration, 
as shown in Figures 8a and Sb. the pointer table iden- 
tifies row 1 of tile T2 to follow the right most pixel of row 
1 of tile T1 . The threshold values in row 1 of tile T2 are 
utilized until the last pixel of this row is reached. At that 
time, the pointer table is again referenced to determined 
the next tile and the row of the tile which is adjacent to 
the right most pixel of row 1 of tile T2. The pointer table 
then identifies row 1 of tile T3 to be the following row 
adjacent to row 1 of tile T2. 

This process continues until the end of the scan line 
is reached, and this process is applied to each scan line 
of the digital irr^age until the inriage is rendered. For ex- 
ample, referring to Figure 9b, the pointer table entry for 
pixel 375 will point to the first row of the tile 410. and the 
pointer table entry for the right most pixel 390 in row 1 
of tile 410 will point to row 5 of tile 400. The half4onfng 
process will then access each pixel in the fifth row of tile 
400 from the left to the right until the last pixel 385 is 
reached, the process will refer to the pointer table entry 
which will indicate that the first pixel 395 of the third row 



of tile 405 is the next to be accessed. Thus, one pointer 
table is generated for each single tile and the three point- 
er tables are all that are needed for all tiles nr^apped 
across the display space. 
5 It has been determined that memory space can be 
minimized and the amount of time required to render the 
half-tone image can be maintained or even increased 
by "unwrapping" the tiles to generate a threshold array 
which is more compatible with the structure of memory. 
10 A rectangular array of threshold values can be de- 
rived from the three tiles to provide threshold values 
necessary to render an image across the display space. 
This is achieved by "unwrapping" the tiles into the rec- 
tangular array The array has a width (w) and a height 
IS (h). The height h is equal to the greatest common de- 
nominator (gcd) of a and b. In the present example, a = 
6 and b = 4. Thus h=gcd (6.2) = 2. Thus the height of 
the array will be 2 units, e.g. pixels, high. The width of 
the array is determined by the number of threshold val- 
20 ues across a scan line before the sequerK:e of threshold 
values repeats itself. Referring to Figure 1 0a, the tiles 
generated for a series of half-tone cells and their corre- 
sponding threshold values are illustrated. For purposes 
of explanation, the threshold values are given letter val- 
25 ues (A - Z) and (a - z). As can be seen in Figures 10a 
and 10b by the row identified by the number 0. the 
threshold values generated start at A and end at J. This 
row contains the first row of tile 405 with threshold val- 
ues A-F, and the first row of tile 400 with threshold values 
50 G-J. The next two threshold values are U, V. which cor- 
respond to a row of the center tile 410 of the half-tone 
cell. This is followed by a row of threshold values from 
tile 400, W.X,Y2. Adjacent to Z are the elements from 
the third row of tile 405. followed by the third row of tile 
3S 400. with threshold values a through j. Following the 
threshold value j. the sequence of threshold values are 
repeated. Thus the sequence of threshold values to be 
stored in memory are ABCDEFGHlJUVWXYZabcdef- 
ghij and the number of elements in the repetition pattern 
40 is 26 (which is referred to as the width of the threshold 
array). Similarly, the same sequence is used to deter- 
mine that the second row, identified as row 1 . Figure 
10b. is the same width as row 0 and contains the ele- 
ments KLMNOPQRST, uvwxyz, klmnopqrst. 
4S Referring to Figure 10a. the three basic tiles in their 
original orientation are identified by a row number, row 
0 being A - J, row 1 being K - T. etc. The first sequence 
of threshold values in the array will start with the row 0 
threshold values, that is, A - J. Referring to Figure 10b 
so and Rgure lOd, the pointer to the next row of threshold 
values to be used Is determined according to the follow- 
ing equation: Row Number + b mod a, where Row 
number is the current row number and a and b are re- 
spectively the a and b elements used to determine the 
ss adjusted half-tone cell. Applying the equation to the 0 
row to determine the row adjacent to the 0 row is (0 + 
4) mod 6 = 4. Thus, the threshold values of row 4 are 
adjacent to the threshold values of row 0. The next row 
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of threshold values is equal to (4 4) mod 6 which = 2. 
The next row of threshold values adjacent Is determined 
according to (2 + 4) mod 6 = 0. which indicates that the 
sequeru:e is repeating itself because the first row of the 
sequence is row 0. Thus the width of the pattem of 
threshold values to be stored in memory is equal to the 
width of row zero (which is 10) plus the width of row 4 
(which is 6), plus the width of row 2 (which is 10). the 
total being 26. 

Similarly, to determine the second row. the first row 
of threshold values is row 1 . the adjacent row is identi- 
fied by the equation 1+4 mod 6 = 5, and the next row 
is determined from the equation 5 -t- 4 mod 6 = 3. Apply- 
ing the equation to the next row will generate the number 
1 . indicating that the sequence is starting to repeat itself. 
Thus, referring to Figure lOe, the threshold array stored 
in memory is a 2 x 26 array containing the threshold val- 
ues identified. It should be noted that by unwrapping the 
three tiles 400, 405 and 410 as illustrated in Figures 
10a, 10b, lOe, lOd and lOe. No pointer t£ible is physi- 
cally stored in memory because the threshold array 
takes into account the pointer values. Furthermore, with 
this array of threshold values, the mapping of threshold 
values to the display space is simplified. 

As illustrated by the flow chart of Figure 6b, the 
threshold array stored in memory may then be easily 
accessed to render a digital halftone image. To deter- 
mine the threshold value for any pixel in the display 
space, a simple translation is performed to translate the 
coordinate of a pixel in display space into the memory 
address of the threshold array. To illustrate the process, 
the pixel 500 in Figure 11 , at the x.y coordinate location 
(16, 5) is utilized. At block 245. Rgure 6a. the number 
of rows down from the (0,0) location of the display space 
is determined by using the following equatk>n: Int (dy/h) 
where dy is the number pixels from location (0,0), h 
is the height of the threshold array and Int is an integer 
function. Thus in the present example, the variable n. 
indicative of the number of rows of threshold arrays 
down from (O. 0) = 5 -h 2 = 2.5 or the integer value of 2. 
It is a common practice to map the first pixel of the dis- 
play space to the first pixel of the threshold array. Each 
row of threshold array mapped to the display space is 
the same except each subsequent row is shifted by a 
predetermined amount referred to as the offset. In the 
example illustrated by Rgure 11 the offset is equal to a 
value of 1 0 and the amount of offset for a particular row 
is equal to the value of n multiplied by the amount of 
offset for each row. Thus, for example, the second row 
of threshold arrays mapped to the display space 510 is 
shifted by one offset. Similarly the third row of threshold 
arrays mapped 515 is shifted by an amount equal to 
twice the amount of the offset. 

At bkx:k 250, the offset is determined from the width 
of the row. In the present illustration the offset is deter- 
mined from the row identified by the same number as 
the height (h) of the threshold array. In the illustration, h 
is equal to 2. Thus the offset is equal to the value of 10 



which is the width of row 2 (elements a - J). It follows that 
the row 510 of threshokJ arrays is shifted to the right by 
10 values, whereby the first row of the threshold array 
starts with threshold values a - j and the next row starts 

5 with threshold values k - 1. Similarly, the third threshoM 
array mapped would be right shifted 2*10 = 20 and 
therefore starts with threshold values G - J and the next 
row starts with threshold values Q • T. 

The dy and dx coordinates for a particular pixel are 

10 mapped to the threshoki array memory coordinate by a 
translation, whereby dx*. the x distance from the origin 
of the threshold array, is equal to: 
(dx - n * offset) mob (threshold width) where mod rep- 
resents a modular function. Similariy dy*. the y distance 

IS from the origin, is equal to: dy • n * h. Using the present 
example, pixel 500 in Figure 1 1 , dx* = (1 6-2*1 0) mod 26 
=22 and dy'= 5 - 2*2 = 1 . Thus the threshold array ele- 
ment used to determine the half-tone value for the par- 
ticular pixel 500 is kx^ated in bcation x = 22 and y = 1 

20 tn the threshoM array. At block 260. Figure 6b. the 
threshokJ value at k)cation (22. 1) in the threshold array 
is accessed and at block 265 the halftone value for the 
pixel is generated. 

Once the threshold value for the initial pixel in a row 

2S is determined, succeeding pixels in the same row can 
easily be kJentified and determined as succeeding pix- 
els in the threshoki array, wherein a wrap-around func- 
tion, such as the function described earlier, is applied 
whereby the last pixel in the threshold array is reached. 

30 Utilizing this process, the halftone image can be quickly 
and simply generated while the minimal amount of 
memory for storage of the threshold array is used.. 

The invention has been described in conjunctkm 
with the preferred embodiment. It is evident that numer- 

35 ous alternatives. nrKxlifications. variations and uses will 
be apparent to those skilled in art in light of the foregoing 
descriptk>n. For example, the preferred embodiment 
has been described as a row dependent scan line proc- 
ess where the pixels are implemented horizontally from 

^0 the left side of the display space to the right. However, 
as it is apparent to one skilled in the art. the rendering 
process could conceivably be a row dependent process 
whk:h is rendered from the left skle of the display space 
to the right, or coukf be a colurrin dependent process 

4S where the scan line algorithm operates in a vertical fash- 
ion from the top of the display space to the bottom or 
vk:e versa. 



so Claims 

1 . A method for use in an image generating apparatus 
comprising a digital halftone system wherein a 
range of intensities of images are simulated to gen- 
ss erate digital inr^ges. said images generated being 
output to an image output device comprising a dig- 
ital display space comprising a matrix of pixels sit- 
uated on an X-Y grkj. said method for reducing the 
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amount of memory required to store the threshold 
array to generate digital halftone images, compris- 
ing the steps of: 

specifying the length of a side, angle and angle 5 
tolerance of a halftone cell (300) to be stored in 
memory, said halftone cell (300) comprising a 
matrix of cell threshold values which are refer- 
enced to generate a digital halftone vnage; 
determining the actual angle and length of a io 
side of the halftone cell adjusted to fit the dis- 
play space grid; 

characterised by the steps ot 

IS 

determining a bounding t>ox (325) orientated 
along the x and y axes of the display space grid 
which envelops the adjusted halftone cell; 
partitioning the bounding box (325) into one or 
more tiles of tile threshold values so 
(400,405.410), said tiles (400.405.410) being 
generated according the vertices of the half- 
tone cell (300) and the bounding box (325); 
generating a mapping of tiles (400.405,410) 
across the display space; 2S 
generating the tile threshold values for the tiles 
according to a spot function for the adjusted 
halftone cell by unwrapping the tile threshold 
values (405) to reconstruct the threshold array 
of threshold values. 30 
said threshold array having a height equal to 
the greatest common denominator of the x axis 
increment and y axis increment between verti- 
ces of the halftone cell and having a width equal 
to the number of threshold values in a se- 3S 
quence of threshold values across a row of con- 
tiguous tiles which are incunred before the se- 
quence repeats itseff; and 
storing the threshold array of threshold values 
in memory; said threshold array requiring a sig- ^ 
nificantly snr^ller amount of memory than the 
tiles of tile threshold values (400.405.410) and 
capable of being accessed in an efficient man- 
ner in order to generate said display signal for 
displaying a digital halftone image. 45 

The method according to claim 1 . wherein the step 
of determining the actual angle and size of the half- 
tone cell (300) adjusted to ftt the display space grid 
comprises the steps of: so 

rounding to the nearest pixel a first vertex of the 
halftone cell (300) to determine the adjusted 
first vertex; 

rounding to the nearest pixel an adjacent sec- ss 
ond vertex of the halftone cell (300) to deter- 
mine the adjusted second vertex, said second 
vertex located an incremental distance corre- 



sponding to a cell frequency value, said cell fre- 
quency value comprising an initial X axis incre- 
ment and initial Y axis increment, said X axis 
increment and Y axis increment determined ac- 
cording to the following equations: 

a = INT [Rjcosej 



b = INT[RjSin 0J 

where a represents the initial X axis increment, 
b represents the initial Y axis increment. rep- 
resents the desired length of a side of a halftone 
cell and represents the desired angle of the 
halftone cell; 

rouruiing to the nearest pixel the third vertex ad- 
jacent to the second vertex to determine the ad- 
justed third vertex, said adjusted third vertex lo- 
cated an incremental distam;e from the adjust- 
ed second vertex corresponding to the cell fre- 
quency value, said X axis increment being 
equal to the initial Y axis increment and said Y 
axis increment being equal to the initial X axis 
increment; 

rounding to the nearest pixel the fourth vertex, 
adjacent to the third vertex and first vertex, to 
determine the adjusted fourth vertex, said ad- 
justed fourth vertex located an incremental dis- 
tance from the adjusted third vertex corre- 
sponding to the cell frequency value, said X ax- 
is increment being equal to the initial X axis in- 
crement and said Y axis increment being equal 
to the initial Y axis increment; 
whereby the size of the halftone cell is deter- 
mined by the cell frequency value and the ac- 
tual angle relative to the display space is deter- 
mined according to the Tan b/a, where Tan rep- 
resents a tangent function. 

3. The method according to claim 2. wherein the step 
of determining the actual angle and size of the half- 
tone cell (300) adjusted to fit the display space grid 
further comprises the steps of: 

comparing the actual angle to the desired an- 
gle; and 

if the difference between the two angles is not 
within the angle tolerance, constructing a su- 
percell of halftone cells having an actual angle 
within the angle tolerance. 

4. The method according to claim 2, wherein the 
length of the sides of the bounding box is equal to 
a + b. 

5. The method according to claim 2. wherein the step 
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of determining a bounding box (325) oriented along 
the X and y axes of the display space grid which 
envelops the adjusted halftone cell (300) comprises 
the step of generating lines along the axes of the 
display grid of length a + b representative of the 5 
sides of the bounding box. each of said tines drawn 
through a vertex of the adjusted halftone cell and 
along the axis which is the major axis of a corre- 
sponding side of the adjusted halftone cell. 

10 

6. The method according to claim 4, wherein the step 
of partitioning the bounding box (325) into one or 
more tiles of threshold values comprises the steps 
of: 

15 

generating a first tile (400) rectangular in Shape 
having a diagonal equal to a first side of the ad- 
justed halftone cell whereby adjacent vertices 
forming the first side form the opposing vertices 
of the first tile; so 
if the first tile does not cover the entire bounding 
box, generating a second tile (405) rectangular 
in shape having a diagonal equal to an adjacent 
second side of the adjusted halftone cell where- 
by the adjacent vertices forming the second zs 
side form the opposing vertices of the second 
tile; 

if the first and second tiles together do not cover 
the entire bounding box. generating a third tile 
(410) rectangular in shape having a common so 
vertex with the first tile and common vertex with 
the second tile, a third vertex collinear with the 
first and second vertices of the adjusted half- 
tone cell and the fourth vertex collinear with the 
first vertex of the halftone cell and the third ver- 3S 
tex of the halftone cell. 

7. The method according to claim 4. wherein the step 
of partitioning the bounding box (325) into one or 

' more tiles of threshold values comprises the steps 40 
of: 

generating a first tile (400) rectangular in shape 
having a diagonal equal to a first side of the ad- 
justed halftone cell whereby adjacent vertices 4S 
forming the first side form the opposing vertices 
of the first tile; 

if the first tile does not cover tiie entire bounding 
box. generating a second tile (405) rectangular 
in shape having a diagonal equal to an adjacent so 
second side of the adjusted halftone cell where- 
by the adjacent vertices forming the second 
side form the opposing vertices of the second 
tile; 

if the fi rst and second tiles together do not cove r 55 
the entire bounding box; 
generating a fourth tile (350) rectangular in 
shape having a diagonal equal to a third side 



of the adjusted halftone cell; 
generating a fifth tile (355) rectangular in 
shape, having a diagonal equal to a fourth side 
of the adjusted halftone celt; 
generating a third tile (410) rectangular in 
shape covering the remaining area of the 
bounding box not covered by the first, second, 
fourth and fifth tiles, said third tile having a com- 
mon vertex with the first tile and common vertex 
with the second tile, a common vertex with the 
fourth tile and a common vertex with the fifth 
tile. 

8. The method according to claim 6, wherein the step 
of generating the threshold values for the tiles ac- 
cording to a spot function for the adjusted halftone 
cell comprises the steps of: 

translating the coordinate values of the halftone 
cell to an intermediate coordinate space cen- 
tred around the halftone cell, the coordinate 
space ranging from -1 to +1 : 
generating an intermediate threshold value for 
each threshold value location in the tiles ac- 
cording to the spot function and the translated 
coordinate values; and 

mapping the intermediate threshold values to 
the range of intensities to be simulated to gen- 
erate the threshold values. 

9. The method according to claim 8. wherein the spot 
function is: 

f(x.y) = 1 - X2 - y2, where x and y are the trans- 
lated coordinate values of a pixel in a halftone 
cell relative to the center of the halftone cell. 

10. The method according to claim 8, wherein the step 
of unwrapping the tiles of threshold values to form 

~ a threshold array comprises the steps of: 

determining the height of the threshold array to 
be equal to the greatest common denominator 
of a and b; 

determining the contents of a first row of the 
threshold array by starting with an initial row of 
an initial tile and scanning the row of tiles until 
a repetition of the initial tile is reached, said con- 
tents being the threshold values of the initial tile 
and adjacent tiles prior to the repetition of the 
initial tile; 

determining the contents of subsequent rows 
^ of the threshold array to be subsequent adja- 
cent rows to the initial row of the initial tile, said 
subsequent rows having the same widtii of the 
first row, the number of rows determined by the 
height of the threshold array. 
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11- The method according to claim 1 , further compris- 
ing the step of retrieving a threshold value from the 
threshold array for rendering a pixel at (x,y) coordi- 
nates (dx.dy) comprising the steps of: 

determining the location of dy relative to the 
number of rows of threshold arrays, n, from the 
threshold array at the (0,0) kx^tton; 
setting an offset to be equal to the number of 
threshold values in a row of tiles, the number 
of the row of tiles being equal to the height of 
the threshold array, said offset indicating the 
number of threshold values the threshold array 
is shifted for each subsequent row of threshold 
arrays; 

generating an (x.y) index (dx*,dy') into the 
threshold array to retrieve the threshold VcUue 
to render the pixel at coordinated (dx.dy) utiliz- 
ing the following equations: 

dx' = (dx-n* offset) mod (w) 



dy' = (dy-n*h) 

where h is the height of the threshold array, w 
is the width of the threshold array and mod is a 
modular function. 

12. The method as set forth in claim 11, wherein n is 
determined according to the following equation: n = 
lnt(dy/h)« where Int is an integer function. 

13. The method as set forth in claim 11, wherein the 
threshold values corresponding to subsequent ad- 
jacent pixels to (dx, dy) may be incrementally in- 
dexed and retrieved in a sequential manner from dx* 
and dy*. 

1 4. An image generating apparatus comprising a digital 
halftone system wherein a range of htensities are 
simulated by actuating pixels on an output device 
in a predetermined sequence to generate images, 
said output device comprising a digital display 
space comprising a matrix of pixels situated on an 
X-Y grid, said apparatus comprising: 

a halftone cell (300) having an initial size and 
angle relative to the grid of the display space, 
said cell to comprise a matrix of threshold val- 
ues referenced to generate a digital halftone 
Image; 

adjustment means for adjusting the halftone 
cell to fit to the grid of the display space; 



means for generating a tXHjnding box (325) ori- 
ented along the x and y axes of the display 
space grid which envelops the adjusted half- 
tone cell (300); 

5 a set of one or more tiles (400.405.410) of 

threshold values, said tiles generated accord- 
ing the vertices of the halftone cell (300) and 
the txDunding box (325); 
means for generating threshold values for the 
tiles according to a spot function for the adjust- 
ed halftone cell; 

means for determining a mapping of tiles 
across the display space; 
means for unwrapping the tiles of threshold val- 
ues to reconstruct a threshold array of thresh- 
old values. 

said threshold array having a height equal to 
the greatest common denominator of the x axis 
increment and y axis increment between verti- 

20 ces of the halftone cell, and having a width 

equal to the number of threshold values in a se- 
quence of threshold values across a row of con- 
tiguous tiles which are incurred before the se- 
quence repeats itself; and 

2S memory for storage of the threshold array of 

threshold values, the size of the memory re- 
quired to store the threshold array being signif- 
icantly smaller than the amount of memory re- 
quired to store the tiles of threshold values and 

^ the halftone cell; 

whereby the amount of memory required to 
store the threshold array to generate images is 
reduced and the threshold array is referenced 
to extract the threshold values utilised to gen- 

35 erate a digital halftone image. 

15. The apparatus according to claim 14. wherein the 
adjustment means comprises: 

40 a first rounding means to locate the nearest pix- 

el to a first vertex of the halftone cell to deter- 
mine the adjusted first vertex; 
a second rounding means for rounding to the 
nearest pixel an adjacent second vertex of the 

45 halftone cell to determine the adjusted second 

vertex, said second vertex located an incre- 
mental distance corresponding to a cell fre- 
quency value, said cell frequency value com- 
prising an initial X axis increment and initial Y 

50 axis increment, said X axis increment and Y ax- 

is increment determined according to the fol- 
lowing equations: 



55 



a = INT (Rj cos G^] 



characterized by: 



b = IIMT [R^ sin 0^] 
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where a represents the initial X axis increment, 
b represents the initial Y axis increment. F\j rep- 
resents the desired length of a side of a halftone 
cell and &^ represents the desired angle of the 
halftone cell; 

a third rouruiing means for rounding to the near- 
est pixel the third vertex adjacent to the second 
vertex to detenmine the adjusted third vertex, 
said adjusted third vertex located an incremen- 
tal distance from the adjusted second vertex 
corresponding to the cell frequency value, said 
Xaxis increment being equal to the initial Y axis 
increment arKf said Y axis increment being 
equal to the initial X axis increment; 
a fourth rounding means for rounding to the 
nearest pixel the fourth vertex, adjacent to the 
third vertex and first vertex, to determine the 
adjusted fourth vertex, said adjusted fourth ver- 
tex located an incremental distance from the 
adjusted third vertex corresponding to the cell 
frequency value, said X axis increment being 
equal to the initial X axis increment and said Y 
axis increment being equal to the initial Y axis 
increment; 

whereby the size of the halftone cell is deter- 
mined by the celt frequency value and the ac- 
tual angle relative to the display space is deter- 
mined according to the Tan b/a. where Tan rep- 
resents a tEingent function. 

16. The apparatus according to claim 14. wherein the 
means for generating a bounding box (325) orient- 
ed along the x and y axes of the display space grid 
which envelops the adjusted halftone celt compris- 
es line generating means which generates lines of 
length a + b along the axes of the display grid, said 
lines forming the sides of the bounding fc>ox, said 
line generating means draws each of said lines 
through a vertex of the adjusted halftone cell and 
along the axis which is the nfiajor axis of a corre- 
sponding side of adjusted the halftone cell. 

17. The apparatus according to claim 14. wherein the 
set of tiles comprise: 

a first tile (400) rectangular in shape having a 
diagonal equal to a first side of the adjusted 
halftone cell whereby adjacent vertices forming 
the first side form the opposing vertices of the 
first tile; 

if the first tite does not cover the entire bounding 
box. said set further comprises a second tile 
(405) rectangular in shape having a diagonal 
equal to an adjacent second side of the adjust- 
ed halftone cell whereby the adjacent vertices 
forming the second side form the opposing ver- 
tices of the second tile; 
if the first and second tiles together do not cover 



the entire bounding box. said set further com- 
prises a third tile (410) rectangular in shape 
having a common vertex with the first tile and 
conrunon vertex with the second tile, a third ver- 
s tex cottinear with the first and second vertices 

of the adjusted halftone ceD and the fourth ver- 
tex collinear with the first vertex of the halftone 
cell and the third vertex of the halftone cell. 

10 ia The apparatus according to claim 14, wherein the 
means for generating the threshold values for the 
tiles comprises: 

an intermediate coordinate space centred 
IS around the adjusted halftone cell having a 

range from -1 to +1 ; 

translating means for translating the coordinate 
values of the halftone ceil to the intermediate 
coordinate space; 

20 means for generating an intermediate thresh- 

old value for each threshold value location in 
the tiles according to the spot function and the 
translated coordinate values; and 
means for mapping the intermediate threshold 

2S values to the range of intensities to be simulat- 

ed to generate the threshold values; 
replacement means for storing in the tiles the 
intensities mapped to the intermediate thresh- 
old values; 

30 

19. The apparatus according to claim 18. wherein the 
spot function is: 

f(x.y) =1 - x2 - y2, where x and y are the trans- 
05 lated coordinate values of a pixel in a halftone 

cell relative to the center of the halftone cell. 

20. The apparatus according to claim 14. wherein the 
means for unwrapping the tiles of threshold values 

40 to forni a threshold array comprises the steps of: 

means for determining the height of the thresh- 
old array to be equal to the greatest common 
denominator of a and b; 

45 means for determining the contents of a first 

row of the threshold array by starting with an 
initial row of an initial tile and scanning the row 
of tiles until a repetition of the initial tile is 
reached, said contents being the threshold val- 

so ues of the initial tite and adjacent tiles prior to 

the repetition of the initial tile; 
means for determining the contents of subse- 
quent rows of the threshold array to be subse- 
quent adjacent rows to the initial row of the in- 

55 itial tile, said subsequent rows having the same 

width as the first row, the number of rows de- 
termined by the height of the threshold array. 
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21. The apparatus according to ctaim 14. further com- 
prising accessing means for retrieving a threshold 
value from the threshold array for rendering a pixel 
at (x«y) coordinates (dx.dy). comprising: 

means for detemiining the location of dy rela- 
tive to the number of rows of threshold aaays, 
n, from the threshold array at the (0,0) location; 
means for setting an offset to be equal to the 
number of the threshold values in a row of tiles, 
the number of the row of tiles being equal to the 
height of the threshold array, said offset Indicat- 
ing the number of threshold values the thresh- 
old array Is shifted for each subsequent row of 
threshold arrays; 

means for generating an (x.y) index (dx. dy*) in- 
to the threshold array to retrieve the threshold 
value to render the pixel at coordinated (dx.dy) 
utilizing the following equations: 

dx' = (dx-n*offset) mod (w) 



dy* = (dy-n*h) 

where h is the height of the threshold ar- 
ray, w is the width of the threshold array and 
mod is a modular function. 



PatentansprOche 

1. Ein Verfahren zur Anwendung bei einer Bilderzeu- 
gungsVorrichtung mit einem digltalen Halbton-Sy- 
stem, wobet zum Erzeugen von digitalen Bildern ein 
Bereich von Intensitaten von Bildem simuliert wird, 
wobei die erzeugten Bilderan eine Bildausgabeein- 
rtchtung ausgegeben werden. die ein en digitalen 
Anzeigeraum mit etner auf einen X-Y-Raster ange- 
ordneten Pixelmatrix aufweist, wobei das Verfahren 
zum Verringem des zum Speichem der Schwell- 
wertmatrix zum Erzeugen von digitalen Hatbtonbil- 
dern benotigten Speichemmfangs dient und die 
Schritte aufweist: 

Angeben einer Seitenlange, etnes Winkels und 
einer Winkeltoleranz einer im Speicher zu spei- 
chemden Halbtonzelle (300), wobei die Halb- 
tonzelle (300) eine Matrix von Zellen-Schwell- 
werten aufweist, auf die zum Erzeugen eines 
digitalen Halbtonbildes Bezug genommen wird; 
Bestimmen des tatsachlichen Winkels und der 
tatsachlichen Lange einer Seite der Halbton- 
zelle. die an das Raster des Anzeigeraums an- 
gepaOt wurde; 

gekennzeichnet durch die Schritte: 



Bestimmen eines entlang der x- und y-Achsen 
des Rasters das Anzeigeraums ausgerichteten 
Begrenzungsrahmens (325). der die 
angepaOte Halbtonzelle umhOltt; 

s Aufteilen des Begrenzungsrahmens (325) in ei- 

ne Oder mehrere Kachein (400, 405, 410) mit 
Kachet-Schwellwerten, wobei die Kachein 
(400, 405, 410) entsprechend den Eckpunkten 
der Halbtonzelle (300) und dem Begrenzungs- 

10 rahmen (325) erzeugt werden; 

Erzeugen einer Oberdeckung des Anzeige- 
raums mit den Kachein (400. 405, 410); 
Erzeugen der Kachel-Schwellwerte fur die Ka- 
chein entsprechend einer FleckfunktkMi f Or die 

IS angepaOte Halbtonzelle durch Abwicketn der 

Kachel-Schwellwerte (405). um die Schwell- 
wertmatrix der Schwellwerte zu rekonstruieren, 
wobet die Schwellwertmatrix eine Hohe glerch 
dem groOten gemeinsamen Teller des x-Ach- 

20 sen-lnkrements urKi y-Achsen-lnkrements zwi- 

schen Eckpunkten der Halbtonzelle hat und ei- 
ne Breite gleich der Anzahl von in einer Folge 
von Schwellwerten entlang einer Zeile von zu- 
sammenhangenden Kachein auftretenden 

2S Schwellwerten hat, die angetroffen werden, bis 

die Sequenz sich wiederholt; und 
Spekihem der Schwellwertmatrix von Schwell- 
werten im Speicher, wobei die Schwellwertnna- 
trix einen wesentlich geringeren Speicherum- 

30 fang benotigt, als die Kachein (400, 405. 410) 

der Kachel-Schwellwerte, und dazu geeignet 
ist, daB zur Erzeugung des Anzeigesignats 
zum Anzeigen eines digitalen Halbtonbildes in 
effizienter Weise auf sie zugegriffen werden 

^ kann. 

2. Verfahren nach Anspruch 1, wobei der Schritt des 
Bestimmens des tatsachlichen Winkels und der tat- 
sachlichen GrdOe der an das Raster des Anzeige- 
40 raums angepaOten Halbtonzelle (300) folgende 
Schritte aufweist 

Runden eines ersten Eckpunkts der Halbton- 
zelle (300) auf das nachste Pixel, um den an- 

4S gepaOten ersten Eckpunkt zu bestimmen; 

Runden eines benachbarlen zweiten Eck- 
punkts der Halbtonzelle (300) auf das nachste 
Pixel, um den angepaOten zweiten Eckpunkt zu 
bestimmen. wobei der zweite Eckpunkt einen 

so einem Zell-Frequenzwert entsprechenden in- 

krementalen Abstand entfemt angeordnet ist. 
wobei der Zell-Frequenzwert ein anfangliches 
X-Achsen-lnkrement und ein anfangliches Y- 
Achsen-Inkrement umfaBt. wobei das X-Ach- 

ss sen-lnkrement und das Y-Achsen-lnkrement 

genr^aQ den folgenden Gleichungen bestimmt 
werden: 
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a = INT [Rj cos ej 



.b = INT(RdSinej ^ 

wobei a das anfangliche X-Achsen-lnkrement 
ist. b das anfangliche Y-Achsen-lnkrement, R^i 
die gewunschte Lange einer Seite etner Halb- 
tonzelle und 6^ der gewOnschte Winkel einer io 
Halbtonzelle; 

Runden des dem zweiten Eckpunkt benach- 6. 
barten dritten Eckpunkts auf das nachste Pixel, 
urn den angepaQten dritten Eckpunkt zu be- 
stimmen. wobei der angepaf^e dritte Eckpunkt is 
einen dem Zell-Frequenzwert entsprechenden 
inkrementalen Abstand vom angepa3ten zwei- 
ten Eckpunkt entfemt angeordnet ist, wobei 
das X-Achsen-lnkrement glefch dem anfangli- 
Chen Y-Achsen-lnkrement und das Y-Achsen- 
Inkrement gleich dem anfanglichen X-Achsen- 
Inkrement ist; 

Runden des dem dritten und ersten Eckpunkt 
benachbarten vierten Eckpunkts auf das nach- 
ste Pixel, um den angepaOten vierten Eckpunkt 2S 
2u bestimmen, wobei der angepaQte vierte 
Eckpunkt einen dem Zell-Frequenzwert ent- 
sprechenden inkrementalen Abstand von dem 
angepaOten dritten Eckpunkt entfemt angeord- 
net ist. wobei das X-Achsen-lnkrement gleich ^ 
dem anfanglichen X-Achsen-lnkrement und 
das Y-Achsen-lnkrement gleich dem anfangli- 
chen Y-Achsen-lnkrement ist; 
wodurch die GrdOe der Halbtonzelle durch den 
Zeil-Frequenzwert bestimmt ist und der tat- 3S 
sachliche Winkel relativ zum Anzeigeraum ent- 
sprechend tan (b/a) bestimmt ist, wobei tan die 
Tangens-Funktion ist 

3. Verfahren nach Anspruch 2, wobei der Schritt des 40 
Bestimmens des tatsachlk^hen Winkels und der tat- 
sachlk:hen GroOe der an das Raster des Anzeige- 
raums angepaQten Halbtonzelle (300) femer fol- 7. 
gende Schritte aufweist: 

4S 

Verglek:hen des tatsachlrchen Winkels mit dem 
gewOnschten Winkel; und 
falls der Unterschiedzwischen den beiden Win- 
keln nicht innerhalb der Winkettoleranz liegt. 
Konstruieren einer Super-Zelle von Halbtonzel- so 
len mit einem tatsach lichen Winkel. der inner- 
halb der Winkettoleranz ist. 

4. Verfahren nach Anspruch 2. wobei die Liinge der 
Seiten des Begrenzungsrahmens gleich a + b ist ss 

5. Verfahren nach Anspruch 2. wobei der Schritt des 
Bestirrvnens eines Begrenzungsrahmens (325). 



der entlang der x-und y-Achse des Rasters des An- 
zeigeraums ausgerlchtet ist und die angepaOte 
Halbtonzelle (300) umhQlIt, den Schritt des Erzeu- 
gens von Linien entlang der Achsen des Anzeige- 
rasters mit der Lange a -i- b umfaf)t. die die Seiten 
des Begrenzungsrahmens darstellen, wobei jede 
dieser Linien durch einen Eckpunkt derangepaBten 
Halbtonzelle und entlang der Achse gezogen ist. 
die die Hauptachse einer zugehorigen Seite der an- 
gepaBten Halbtonzelle ist. 

Verfahren nach Anspruch 4, wobei der Schritt des 
Aufteilens des Begrenzungsrahmens (325) in eine 
Oder mehrere Schwettwert-Kacheln fotgende 
Schritte aufweist 

Erzeugen einer ersten rechteckfonmigen Ka- 
chel (400) mit einer Diagonale, die gleich eine 
ersten Seite der angepaBten Halbtonzelle ist. 
wodurch benachbarte Eckpunkte. die die erste 
Seite bilden. sich gegenuberliegende Eckpunk- 
ts der ersten Kachel bilden; 
falls die erste Kachel nicht den gesamten Be- 
grenzungsrahmen uberdeckt, Erzeugen einer 
zweiten rechteckfonmigen Kachel (405) mit ei- 
ner Diagonale, die gleich einer benachbarten 
zweiten Seite derangepaBten Halbtonzelle ist. 
wodurch die benachbarten Eckpunkte. die die 
zweite Seite bilden, sich gegenOberltegende 
Eckpunkte der zweiten Kachel bilden; 
falls die erste und zweite Kachel zusanrunen 
nicht den gesamten Begrenzungsrahmen 
Qberdecken. Erzeugen einer dritten rechteck- 
formigen Kachel (410) mit einem gemeinsa- 
men Eckpunkt mit der ersten Kachel und einem 
gemeinsamen Eckpunkt mit der zweiten Ka- 
chel, einem dritten Eckpunkt, der kollinear mit 
den ersten und zweiten Eckpunkten der ange- 
paBten Hafbtoruelle ist. und einem vierten Eck- 
punkt. der kollinear mit dem ersten und dritten 
Eckpunkt der Halbtonzelle ist 

Verfahren nach Anspruch 4, wobei der Schritt des 
Aufteilens des Begrenzungsrahmens (325) in eine 
Oder mehrere Schwellwert-Kacheln folgende 
Schritte aufweist 

Erzeugen einer ersten rechteckformigen Ka- 
chel (400) mit einer Diagonale, die gleich einer 
ersten Seite der angepaBten Halbtonzelle ist 
wodurch benachbarte Eckpunkte, die die erste 
Seite bilden. sk:h gegenut>er1iegende Eckpunk- 
te der ersten Kachet bilden; 
falls die erste Kachel nicht den gesamten Be- 
grenzungsrahmen uberdeckt, Erzeugen einer 
zweiten rechteckformigen Kachel (405) mit ei- 
ner Diagonale. die gleich einer benachbarten 
zweiten Seite der angepaBten Halbtonzelle ist 
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wodurch die benachbarten Eckpunkte, die die 

zweite Seite bilden. sich geganubeiiiegende 

Eckpunkte der zweiten Kachel bilden; 

falls die erste und zweite Kachel zusammen 

nicht den gesamten Begrenzungsrahmen s 

uberdecken; 

Erzeugen einer vierten rechteckfonmigen Ka- 
chel (350) mit einer Diagonale. die gleich einer 
drrtten Seite der angepaOten Halbtonzelle ist; 
Erzeugen einer fOnften rechteckformigen Ka- io 
chef (355), mit einer Diagonale, die glerch einer 
vierten Seite der angepaBten Halbtonzelle ist; 
Erzeugen einer dritten rechteckformigen Ka- 
chel (410) die den verbleibenden Bereich des 
Begrenzungsrahmens uberdeckt, der nicht 
durch die erste, zweite, vierte und funfte Kachel 
Qberdeckt ist, wobei die dritte Kachel einen ge- 
metnsamen EckpunkI mit der ersten Kachel 
und einen gemeinsamen Eckpunkt mit der 
zweiten Kachel, einen gemeinsamen Eckpunkt 20 
mit der vierten Kachel und einen gemeinsamen 
EckpunkI mit der f Qnften Kachel hat 

8. Verfahren nach Anspruch 8, wobei der Schritt des 
Erzeugens der Schweltwerte fur die Kacheln ent- 2S 
sprechend einer Fleckfunktion fur die angepaBte 
Halbtonzelle folgende Schritte aufweist: 

Cbersetzen der Koordinatenwerte der Halbton- 
zelle in einen Hitfskoordtnatenraum, der um die 
Halbtonzelle zentriert Ist und von -1 bis +1 
reicht; 

Erzeugen eines Hilfsschwellwerts fur jeden 
Schwellwert-Ort in den Kacheln mit Hilfe der 
Fleckfunktion und der Qbersetzten Koordina- 3S 
tenwerte; und 

AbbikJen der HtKsschweltwerte auf den Bereich 
dar zu simulierenden Intensrtaten, um die 
Schwellwerte zu erzeugen. 

40 

9. Verfahren nach Ar^spruch 8. wobei die Fleckfunkti- 
on gegeben ist durch: 

t(x.y) = 1 - x2 - y2, wobei x und y die Obersetzten 
Koordinatenwerte eines Pixels in einer Halb- 45 
tonzelle bezogen auf den Mittelpunkt der Halb- 
tonzelle sind. 

10. Verfahren nach Anspruch 8, wobei der Schritt des 
Abwickelns der Schwellwert-Kachetn zum Bilden so 
einer Schwellwertmatrix folgende Schritte aufweist: 

Festlegen, daO die Hohe der Schwellwertma- 
trix gleich dem groBten gemeinsamen Toiler 
von a und b sein soli; ss 
Bestimmen des Inhalts einer ersten Zeile der 
Schwellwertmatrix. indem mit einer anfangli- 
chen Zeile einer anfanglichen Kachel begon- 



nen wird und die Zeile der Kacheln abgetastet 
wird, bis eine Wiederholung der anfanglichen 
Kachel erreicht ist, wobei der Inhatt gleich den 
Schwellwerten der anfanglichen und benach- 
barter Kacheln ist, bevor es zu einer Wiederho- 
lung der anfanglichen Kachel komnrrt; 
Festlegen. da8 der Inhalt von folgenden Zeilen 
der Schwellwertmatrix gleich folgenden be- 
nachbarten Zeilen zu der anfanglichen Zeile 
der anfanglichen Kachel ist. wobei die folgen- 
den Zeilen die gleich Breite wie die erste Zeile 
haben, und wobei die Anzahl der Zeilen durch 
die Hohe der Schwellwertmatrix bestimmt wird. 

1 1 . Verfahren nach Anspruch 1 . f erner aufweisend den 
Schritt des Abrufens eines Schweltwerts aus der 
Schwellwertmatrix zum Darstellen eines Pixels an 
den (x.y)-Koordinaten (dx,dy), der folgende Schritte 
umfaBt: 

Bestimmen des Orts von dy relativ zur Anzahl 
der Zeilen der Schwellwertmatrizen. n. ausge- 
hend von der Schwellwertmatrix am Ort (0.0); 
Setzen eines Offsets glebh der Anzahl der 
Schwellwerte in einer Zeile von Kacheln. wobei 
die Nummer der Kachelzeile gleich der Hdhe 
der Schwellwertmatrix ist. wobei der Offset die 
Anzahl der Schwellwerte anzeigt. um die die 
Schwellwertmatrix fur jede folgende Zeile von 
Schwellmatrizen verschoben wird; 
Erzeugen eines (x.y)-lndex (dx", dy*) in die 
Schwellwertmatrix. um den Schwellwert abzu- 
rufen. um das Pixel bei der Koordinate (dx.dy) 
mit Hilfe der folgenden Gleichungen darzustel- 
len: 

dx' = (dx-n*offset) nrK>d (w) 



dy* = (dy-n*h) 

wobei h die Hohe der Schwellwertmatrix ist, 
w die Breite der Schwellwertmatrix und mod die Mo- 
duk>-Funktk>n. 

12. Verfahren nach Anspruch 11. wobei n gemaO der 
folgenden Qlek^hung bestimmt wird: 

n = lnt(dy/h). wobei Int die lnteger-Funktk>n ist. 

13. Verfahren nach Anspruch 11. wobei diejenigen 
Schwellwerte, die nachfolgenden zu (dy.dy) be- 
nachbarten PixeIn entsprechen, inkrementell indi- 
ziert und in sequentieiler Weise ausgehend von dx' 
und d/ abgerufen werden konnen. 

14. Eine Bilderzeugungsvorrichtung mit einem digita- 
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len Hafbton-System. wobei ein Intensitatsbereich 
simuliert wird. indam Pixel auf einer Ausgabeein- 
richtung in etner vorgebenen Reihenfolge zum Er- 
zeugen von Bildem aktrviert warden, wobei die Aus- 
gaibeeinrichtung einen digrtalen Anzeigeraum mrt s 
einer auf einem X-Y-Raster angeordneten Pixelma- 
trix aufweist. wobei die Vbrrichtung aufweist 

eine HaJbtonzelte (300) mit einer anfanglictien 
GroBe und einem anfanglichen \Annkel bezo- io 
gen auf das Raster des Anzeigeraums, wobei 
die Zelle eine Matrix von Schweltwerten ent- 
halt. auf die zum Erzeugen eines digitalen 
Halbtonbildes Bezug genommen wird; 
Anpassungsmittel zum Anpassen der Hatbton- is 
zelle an das Raster des Anzeigeraums; 

gekennzeichnet durch: 

Mittel zum Erzeugen eines entlang der x- und 20 
y-Achsen des Anzeigeraum-Rasters ausge- 
richteten Begrenzungsrahmens (325), der die 
angepaBte Halbtonzelle (300) umhOItt; 
einen Satz von einer oder mehreren Kachein 
(400, 405, 410) von Schweltwerten. wobei die 
Kachein entsprechend den Eckpunkten der 
Halbtonzelle (300) und dem Begrenzungsrah- 
men (325) erzeugt sind; 
Mittel zum Erzeugen von Schwellwerten fur die 
Kachein gemaB einer Fleckfunktion fur die an- 30 
gepaBte Halbtonzelle; 

Mittel zum Bestimmen einer Kachel-Uberdek- 
kung des Anzeigeraums; 
Mittel zum Abwickein der Schweltwert-Kachein 
zum Rekonstruieren einer Schwellwertmatrix, 3S 
wobei die Schwellwertmatrix eine Hohe hat, die 
gleich dem groBter gemeinsamen Teller des x- 
Achsen-lnkrements und y-Achsen-lnkrements 
zwischen Eckpunkten der Halbtonzelle ist, und 
eine Breite hat, die gleich der Aruahl von in ei- 40 
ner Folge von Schweltwerten uber eine Zeite 
von zusammenhangenden Kachein auftreten- 
den Schwellwerten ist, die angetroffen warden, 
bis die Folge sich wiederholt; und 
einen Speicher zum Speichem der Schwell- ^ 
wertnnatrix von Schwellwerten, wobei die Gro- 
8e des zum Speichem der Schwellwertmatrix 
benotigten Speichers wesentlk^ klelner als der 
Speicherumfang ist, der bendtigt wird, um die 
Schwellwert-Kachein der Halbtonzelle zu spei- so 
chern; 

wodurch der Speicherumfang, der zum Spei* 
chern der Schwellwertmatrix zum Erzeugen 
von Bildem bendtigt wird. reduziert ist und auf 
die Schwellwertmatrix Bezug genommen wird. ss 
um die zum Erzeugen eines digitalen Halbton- 
bildes verwendeten Schwellwerte zu gewin- 
nen. 



15. Vbrrichtung nach Anspruch 14, wobei die Anpas- 
sungsminel aufweisen: 

eine erste Rundungseinrichtung, um den Ort 
des einem ersten Eckpunkt der Halbtonzelle 
nachsten Pixels festzustellen. um den ange- 
paBten ersten Eckpunkt zu bestinrunen; 
eine zweite Rundungseinrichtung zum Runden 
eines benachbarten zweiten Eckpunkts der 
Halbtonzelle auf das nachste Pixel, um den an- 
gepaBten zweiten Eckpunkt zu bestimmen. wo- 
bei der zweite Eckpunkt einen dem Zell-Fre- 
quenzwert entsprechenden inkrementalen Ab- 
stand entfemt angeordnet ist. wobei der Zell- 
Frequenzwert ein anfangliches X-Achsen-ln- 
krement und ein anfangliches Y-Achsen-lnkre- 
ment umfaBt, wobei das X-Achsen-lnkrement 
und das Y-Achsen-lnkrement gemaB den fol- 
genden Gleichungen bestimmt sind: 

a = INT[R^cos 0J 

b = INT[RjSin GJ 

wobei a das anfangliche X-Achsen-lnkre- 
ment. b das anfangliche Y-Achsen-lnkrement. 

die gewQnschte Lange einer Seite einer 
Halbtonzelle und 0^ cfer gewQnschte Winkel ei- 
ner Halbtonzelle ist; 

eine dritte Rundungseinrichtung zum Runden 
des dem zweiten Eckpunkt benachbarten drtt- 
ten Eckpunkts auf das nachste Pixel, um den 
angepaBten dritten Eckpunkt zu bestimmen, 
wobei der angepaBte dritte Eckpunkt einen 
dem Zell-Frequenzwert entsprechenden inkre- 
mentalen Abstand vom angepaBten zweiten 
Eckpunkt entfemt angeordnet tst, wobei das X- 
Achsen-lnkrement gleich dem anfanglichen Y- 
Achsen-lnkrement und das Y-Achsen-lnkre- 
ment gleich dem anfanglichen X-Achsen-inkre- 
ment ist; 

eine vierte Rundungseinrichtung zum Runden 
des dem dritten und vierten Eckpunkt benach- 
barten vierten Eckpunkts auf das nachste Pixel, 
um den angepaBten vierten Eckpunkt zu be- 
stimmen. wot>ei der angepaBte vierte Eckpunkt 
einen dem Zell-Frequenzwert entsprechenden 
inkrementalen Abstand von dem angepaBten 
dritten Eckpunkt entfemt angeordnet ist. wobei 
das X-Achsen-lnkrement gleich dem anfangli- 
chen X-Achsen-lnkrement und das Y-Achsen- 
lnkrement gleich dem anfanglichen Y-Achsen- 
lnkrement ist; 

wodurch die GroBe der Halbtonzelle durch den 
Zell-Frequenzwert bestimmt ist und der tat- 
sachliche Winkel relativ zum Anzeigeraum ent- 
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sprechend tan (b/a) bestimmt ist, wobei tan die 
Tangens-Funktton ist 

1 6. Vorrichtung nach Anspruch 1 4, wobei die Mittel zum 
Erzeugen eines Begrenzungsrahmens (325), der 
entlang der x* und y-Achse des Rasters des Anzei- 
geraums ausgerichtet ist und die angepaSte Halb- 
tonzelle umhuilt, eine Linienerzeugungseinrichtung 
aufweisen, die Unien der Lange a + b entlang der 
Achsen des Anzeigerasters erzeugt, wobei die U- 
nien die Seiten des Begrenzungsrahmens bilden, 
wobei die Unienerzeugungseinrichtung jede dieser 
Linien durch einen Eckpunkt der angepaBten Halb- 
tonzelle und entlang der Achse zieht. die die Haupt* 
achse etner zugehorigen Seite der angepa3ten 
Halbtonzelle ist. 

17. Vorrichtung nach Anspruch 14. wobei der Satz von 
Kachetn umfaBt: 

eine erste rechteckfomnige Kachel (400) mit ei- 
ner Diagonale, die gteich einer ersten Seite der 
angepa6ten Halbtonzelle ist. wcxiurch benach- 
t>arte Eckpunkte. die die erste Seite bilden. sich 
gegenOberliegende Eckpunkte der ersten Ka- 
chel bikjen; 

falls die erste Kachel nicht den gesamten Be- 
grenzungsrahmen uberdeckt, umfaQt der Satz 
femer eine zweite rechteckformige Kachel 
(405) mit einer Diagonale, die gleich einer be- 
nachbarten zweiten Seite der angepaOten 
Halbtonzelle ist, wodurch die benachbarten 
Eckpunkte, die die zweite Seite bilden, sich ge- 
genOberliegende Eckpunkte der zweiten Ka- 
chel bilden; 

falls die erste und zweite Kachel zusammen 
nicht den gesamten Begrenzungsrahmen 
uberdecken, umfaBt der Satz ferner eine dritte 
rechteckformige Kachel (410) mit einem ge- 
meinsamen Eckpunkt mit der ersten Kachel 
und einem gemeinsamen Eckpunkt mit der 
zweiten Kachel, etnem dritten Eckpunkt, der 
kolfinear mit den ersten und zweiten Eckpunk- 
ten der angepaBten Halbtonzelle ist, und einem 
vierten Eckpunkt. der kollinear mit dem ersten 
und dritten Eckpunkt einer Halbtonzelle ist. 

1 8. Vorrichtung nach Anspruch 1 4, wobei die Mittel zum 
Erzeugen von Schwellwerten fOr die Kachein auf- 
weisen: 

einen Hilfskoordinatenraum, der um die ange- 
paBte Halbtonzelle zentriert ist und von -1 bis 
+1 reicht; 

eine Ubersetzungseinrk:htung zum Oberset- 
zen der Koordinatenwerte der Halbtonzelle in 
den Hilfskoordinatenraum; 
eine Einrichtung zum Erzeugen eines Hilfs- 



schweltwerts fur Jeden Schweltwert-Ort in den 
Kachein mit Hitfe der Fleckfunktion und der 
Qbersetzten Koordinatenwerte; 
eine Einrichtung zum Abbiklen der Hilfs- 
5 schwellwerte auf den Bereich der zu simulle- 

renden Intensitaten, um die Schwellwerte zu 
erzeugen: 

eine Ersetzungseinrfchtung zum Speichern der 
auf die Hilfsschwellwerte abgebildeten Intensi- 
10 taten in den Kachetn. 

19. Vorrichtung nach Anspruch 16, wobei die Fleck- 
funktion gegeben Ist durch: 

IS Kx.y) = 1 - x2 - y2. wobei x und y die Qbersetzten 

Koordinatenwerte eines Pixels in einer Halb- 
tonzelle bezogen auf den Mittelpunkt der Halb- 
tonzelle sind. 

20 20. Vorrichtungnach Anspruch 14. wobei die Mittel zum 
Abwickeln der Schwellwertkacheln zum Biklen ei- 
ner Schwellwertmatrix aufweisen: 

eine Einrichtung zum Festlegen, daB die Hohe 
2S der Schwellwertmatrix glefch dem groBten ge- 

meinsamen Teller von a und b sein soil; 
eine Einrbhtung zum Besttmmen des Inhatts 
etner ersten Zeile der Schwellwertmatrix, in- 
dem mrt einer anfanglichen Zeile einer anfang- 
30 Irchen Kachel begonnen wird und die Zeile der 

Kachein abgetastet wird. bis eine Wiederho- 
lung der anfanglichen Kachel errek^t ist, wobei 
der Inhalt glek:h den Schwellwerten der an- 
fanglichen und benachbarter Kachein ist, bevor 
35 es zu einer Wiederholung der anfanglichen Ka- 

chel kommt; 

eine Einrichtung zum Festlegen, daB der Inhalt 
von r^achfolgenden Zeilen der Schwellwertma- 
trix glerch nachfotgenden benacht>arten Zeilen 
40 zu der anfanglk^en Zeile der anfanglichen Ka- 

chel ist, wobei die nachfotgenden Zeilen die 
gleiche Brerte wie die erste Zeile haben, und 
wobei die Anzeihl der Zeilen durch die H^e der 
Schwellwertmatrix bestimmt wird. 

45 

21. Vorrichtung nach Anspruch 14, femer mrt Zugriffs- 
mitteln zum Abrufen eines Schwellwerts aus der 
Schwellwertmatrix zum Darstellen eines Pixels an 
den (x,y)-Koordinaten (dx.dy), die aufweisen: 

60 

eine Einrichtung zur bestimmen des Orts von 
dy relativ zur Anzahl der Zeilen der Schwell- 
wertmatrizen, n, ausgehend von der Schwell- 
wertmatrix am Ort (0,0); 
55 eine Einrichtung zum Setzen eines Offsets 

gleich der Anzahl der Schwellwerte in einer Zei- 
le von Kachein, wobei die Nummer der Kachet- 
zeile gleich der Hohe der Schwellwertmatrix ist, 
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wobei der Offset die Anzahl der Schwellwerte 
anzeigt. um die die Schwellwertmatrix fur jede 
folgende Zeile von Schwellmatrizen verscho- 
ben wird; 

eine Einrichtung zum Erzeugen eines (x,y)-ln- 
dex (dx*. d/) in die Schwellwertmatrix. um den 
Schwellwert abzurufen. um das Pixel bei der 
Koordinate (dx.dy) mit Hilfe der folgenden Glei- 
chungen darzustellen: 

dx* = (dx-n*offset) mod (w) 



dy* = (dy-n*h) 

wobei h die Hdhe der Schwellwertmatrix 
ist. w die Breite der Schwellwertmatrix und mod 
die Modulo-Funktion. 



Revendications 

1. Un procedd Si utiliser dans un appareit de g^nSra- 
tton d'images comprenant un systdme numdrique k 
demi-teintes dans lequel une plage d'intensitds 
d'images est simulde pour engendrer des images 
numdriques, lesdites inr^ges engendr^es 6tant en- 
voy^es k un dispositif de sortie d'images compre- 
nant un espace num^rlque d*affidiage comprenant 
une matrtce de pixels situds sur une grille X-Y, ledit 
procMd dtant destine k r^uire la quantity de m6- 
moire n^cessaire pour mSmoriser le rdseau de seuil 
pour engendrer des images numdriques k demi- 
teintes, comprenant les stapes consistant k: 

spteifier la longueur d*un c6X6, Tangle et ta to- 
lerance d'angle d'une cellule (300) k demi-tetn- 
tes k entrer en mdmoire. ladite cellule (300) k 
demi-teintes comprenant une matrice de va- 
lours de seuil de cellules qui sont r^fdrencdes 
pour engendrer une irr^ge num^rique k demi- 
teintes; 

ddtemniner la longueur et Tangle r^els d'un c6l6 
de la cellule k demi-teintes ajustSe pour s'ins^- 
rer dans la grille d'espace d'afHchage; 

caractdrisd par les Stapes consistant k: 



engendrer une application de dalles (400. 405, 
410) recouviant tout Pespace d'affichage; 
engendrer des valeurs de seuil de dalles pour 
les dalles selon une fonction ponctuelle pour la 

s cellule ajust^ k demi-teintes en rdvdiant les 

valeurs de seuil (405) de dalles pour reconsti- 
tuer le r^eau de seuil de valeurs de seuil. 
la hauteur dudrt rdseau de seuil 6tant 6gale au 
plus grand commun ddnomtnateur de I'incrd- 

10 ment d*axe x et de rincr^ment d'axe y entre des 

sommets de la cellule k demi-teintes et sa lar- 
ge ur Stant 6gale au nombre de valeurs de seuil 
qui sont contenues dans une sequence de va- 
leurs de seuil, k la travers^e d'une rang^e de 

IS dalles contigues. avant que la sequence ne se 

rdp6te; et 

entrer en m^moire le rdseau de seuil de valeurs 
de seuil, ledit r6seau de seuil exigeant une 
quantity de m^moire qui est de fagon signiTtca- 
^ tive moindre que les dalles de valeurs de seuil 

(400. 405, 410) de dalles, et un accds y 6tant 
possible de mani^re efficace pour engendrer 
ledit signal d'affichage pour afficher une image 
numSrique k demt-teintes. 

25 

2. Le procddd selon la revendication 1, dans lequel 
retape de determination de Tangle et des dimen- 
sions reels de la cellule (300) k demi-teintes ajustSe 
pour s'inserer dans la grille d*espac:e d'affichage 
30 conr>prend les etapes consistant ^' 

arrondirau pixel le plus voisin un premier som- 
met de la cellule (300) k demi4eintes afin de 
determiner le premier sommet ajuste; 

35 arrondir au pixel le plus voisin un deuxidme 

sommet adjacent de ta cellule (300) k demi- 
teintes afin de determiner le deuxieme sommet 
ajuste, ledit deuxieme sommet etant situe k une 
distance incrementale correspondant k une va- 

^0 (eur de frequence de cellule, ladite valeur de 

frequence de cellule comprenant un increment 
initial d'axe X et un increment initial d'axe Y, le- 
dit increment d'axe X et ledit increment d'axe Y 
etant determines selon les equations sutvein- 

45 tes: 

a = INT [R^ cos B^] 



determiner une case limrte (325) orientee selon 
les axes x et y de ta grille d'espace d'affichage 
qui enveloppe la cellule ajustee k demi-teintes; 
partager la case limite (325) en une ou plu- 
sieurs dalles k valeurs de seuil (400. 405, 410) 
de dalle, lesdites dalles (400. 405. 410) etant 
engendrees en fonction des sommets de la cel- 
lule (300) k demi-teintes et de la case limite 
(325); 



b = INT [Rj sin e^] 

ou a represente Kincrement initial d'axe X, 
b represents I'increment initial d'axe Y. R^^ re- 
ss presente la longueur souhaitee d'un cdte d'une 

cellule k demi-teintes et represente Tangle 
souhaite de la cellule k demi-teintes; 
arrondir au pixel le plus voisin le troisidme som- 
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met adjacent au deuxi^me sommet afin de dd- 
terminar 1e troisi^me sommet ajustd. ledit troi- 
sidme sommet ajustd ^tant situ6 k une distance 
incrdmentale du deuxtdme sommet ajustd cor- 
respondant d la valeur de fr^uence de cellule, 5 
ledit increment d'axe X Stant 6ga\ k Tincrdment 
initial d'axe Y et ledit increment d'axe Y 6tant 
^gal k rincrement initial d'axe X; 
arrondir au pixel le plus voisin le quatridme 
sommet, adjacent au troisi^me sonrunet et au io 
premier sommet, afin de determiner le quatrid- 
me sonnmet ajustd, ledit quatri^me sommet 
ajustd etant situd k une distance incrdmentale 
du troisidme sommet ajustd correspondant k la 
valeur de frequence de cellule, ledit increment is 
d'axe X dtant dgal k Tincrdment initial d'axe X 
et ledit increment d'axe Y ^tant 6gal k Tincrd- 
ment initial d'axe Y; 

grdce k quoi les dimensions de la cellule k de- 
mi-teintes sont ddtermindes par la valeur de 20 
frequence de cellule et Tangle r^el par rapport 
k Tespace d'afftchage est determine en tonction 
de la Tan b/a, ou Tan reprdsente une fonction 
tangente. 

25 

Le procdd^ selon la revendication 2. dans lequet 
retape de determination de Tangle et des dimen- 
sions r^ets de la cellule (300) k demi-teintes ajust^e 
pour s'ins^rer dans la grille d'espace d'affichage 
comprend en outre les 6tapes consistent k: 00 

comparer Tangle r^el k Tangle souhaitd; et 
si la difference entre les deux angles n'est pas 
incluse k Tint^neur de la tolerance angulaire, 
construire une super-cellule de cellules k demi- ^ 
tetntes dont Tangle r^el est inclus k Tintdrieur 
de la tolerance angulaire. 

Le proc^de selon la revendication 2, dans lequel la 
longueur des cdtds de la case Irmite est 6gale da 40 
+ b. 

Le procdde selon la revendication 2, dans lequel 
retape de detemriinati<^ d'une case limrte (325) 
orientee selon les axes x et y de la grille d*espace 4S 
d'affichage qui envetoppe la cellule ajustSe (300) k 
demi-teintes comprend Tdtape consistant k engen- 
drer, le long des axes de la grille d'affichage. des 
lignes d'une longueur a + b representatives des cd- 
tes de la case limite. chacune desdites lignes pas- so 
sant par un sommet de la cellule ajustee k demi- 
teintes et le long de Taxe qui est Taxe principal d'un 
cdte correspondant de la cellule ajustee k demi- 
teintes. 

55 

Le precede selon la revendication 4. dans lequel 
Tetape de partage de la case limite (325) en une ou 
plusieurs dalles de valeurs de seuil comprend les 



etapes consistant k: 

engendrer une premiere dalla (400) de configu- 
fation rectangulaira dont une diagonale est 
egale k un premier c6te de la cellule ajustee k 
demi-teintes, des sommets adjacents qui tor- 
ment te premier c6te fonmant les sommets c6- 
tes opposes de la premiere dalle; 
si la premiere dalle ne couvre pas toute la case 
limite, engendrer une deuxieme dalle (405) de 
configuration rectangulaira dont une diagonale 
est egale k un deuxieme c6te adjacent de la 
cellule ajustee k demi-teintes. les sommets ad- 
jacents qui forment le deuxieme cdte fonmant 
les s(^mets opposes de la deuxieme dalle; 
si la premiere et la deuxieme dalles ne couvrent 
pas ensemble toute \a. case limite. engendrer 
une troisieme dalle (410) de configuration rec- 
tangulaira dont un sommet est commun avec 
la premiere dalle et un sommet est commun 
avec la deuxieme dalle, un troisieme sommet 
etant colineaire avec le premier et le deuxieme 
sommets de la cellule ajustee k demi-teintes et 
le quatrieme sommet etant colineaire avec le 
premier sommet de la cellule k demi-teintes et 
le trotsieme sommet de la cellule k demi-tein- 
tes. 

7. Le procede selon la revendication 4, dans lequel 
Tetape de partage de la case limite (325) en une ou 
plusieurs dalles de valeurs de seuil comprend les 
etapes consistant k: 

engendrer une premiere dalle (400) de configu- 
ration rectangulaire dont une diagonale est 
egale k un premier cdte de la cellule ajustee k 
demi-teintes, des sommets adjacents qui for- 
ment le premier cdte fonmant les sommets cd- 
tes opposes de la premiere dalle; 
si la premiere dalle ne couvre pas toute la case 
limite. engendrer une deuxieme dalle (405) de 
configuration rectangulaire dont une diagonale 
est egale k un deuxieme cdte adjacent de la 
cellule ajustee k demi-teintes. les sommets ad- 
jacents qui fonment le deuxieme cdte formant 
les sommets opposes de la deuxieme dalle; 
si la premiere et la deuxieme dalles ne couvrent 
pas ensemble toute la case limite: 
engendrer une quatrieme dalle (350) de confi- 
guration rectangulaire dont une diagonale est 
egate k un troisieme cdte de la cellule ajustee 
k demi-teintes; 

engendrer une cinquieme dalle (355) de confi- 
guration rectangulaire dont un diagonale est 
egate k un quatrieme cdte de la cellule ajustee 
k demi-teintes; 

engendrer une troisieme dalle (410) de confi- 
guration rectangulaire couvrant la zone restan- 
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te, de ta case limite qui n*est pas couverte par 
les premidre* deuxi^me, quatri^me et cinquid- 
me dalles, un sommet de ladite troisi^me datle 
^tant commun avec la premiere dalle et un 
sommet dtant commun avec la deuxidme dalle« 
un sommet dtant commun avec la quatri^me 
dalle et un sommet dtant commun avec la ctn- 
qui^me dalle, 

8. Le proc^d selon la revendication 6, dans lequel 
I'dtape de gSndration das valeurs de seuil pour les 
dalles selon une fonction ponctuelle pour la cellule 
ajustde k deml-tetntes comprend les stapes consis- 
tant^: 

transfomner les valeurs de coordonndes de la 
cellule d demi-teintes dans un espace d coor- 
donndes intermddialres centrd autour de ta cel- 
lule h demMeintes, I'espace de coordonnSes 
s'dtendant de - 1 £i + 1 ; 
engendrer une valeur intermddtaire de seuil 
pour chaque emplacement de valeur de seuil 
des dalles selon la fonction ponctuelle et les va- 
leurs transform^es de coordonnSes; et 
appltquer les valeurs de seuil interm^iaires ^ 
ta plage d'intensitSs k simuler afin d'engendrer 
les valeurs de seuil. 

9. Le procddd seicn la revendication 8. dans lequel la 
fonction porK;tuelle est: 

^(x. y) = 1 - x2 - y2. ou X et y sont les valeurs de 
coordonndes transform^es d*un pixel dans une 
cellule k demi-teintes par rapport au centre de 
ta cellule k demi-teintes. 

10. Le procdd^ selon la revendication 8, dans lequel 
r^tape de rdvdiation des dalles de valeurs de seuil 
afin de former un r^seau de seuil comprend les sta- 
pes consistant k: 

determiner la hauteur du r6seau de seuil pour 
qu'elle soit dgaie au plus grand commun ddno- 
minateur de a et b; 

determiner le contenu d*une premidre rang6e 
du rdseau de seuil en debutant ^ une rang^e 
inittale d*une dalle initiate et en explorant la ran- 
gde de dalles, jusqu'd ce qu*une rdpdtition de 
la dalle inittale soit atteinte, ledit contenu 6tant 
les valeurs de seuil de ta datle initiate et de dal- 
les adjacentes avant la repetition de la datle ini- 
tiate; 

determiner te contenu de rangees utterieures 
du reseau de seuil qui sont des rangees utte- 
rieures adjacentes k la rangee tnttiale de la dal- 
le initiate, lesdites rangees utterieures etant de 
ta mdme largeur que la premiere rangee, le 
nombre de rangees etant determine par ta hau- 



teur du reseau de seuil. 

11. Le precede selon la revendication 1, qui comprend 
en outre retape consistant k rdcuperer du reseau 
5 de seuil une valeur de seuil pour restituer un pixel 
dont les coordonnees (x, y) sont (dx. dy) compre- 
nant les etapes consistant k: 

determiner k partir du reseau de seuil k Tem- 
placement (O, O) f emplacement de dy par rap- 
' port au nombre de rangees de reseaux de seuil; 
regler un deport pour qu'U soit egal au nombre 
de valeurs de seuil dans une rangee de dalles, 
le numero de la rangee de dalles etant egal k 
la hauteur du reseau de seuil. ledit deport indi- 
quant te rtombre de valeurs de seuil dont te re- 
seau de seuil est decaie pour chaque rangee 
ufterieure de reseaux de seuil; 
engendrer un index (x, y) egal k (dx*. dy') dans 
le reseau de seuil pour recuperer la valeur de 
seuil afin de restituer te pixel k coordonnees 
(dx. dy) en utitisant les equations suivantes: 

dx' = (dx - n * deport) mod (w) 



dy' = (dy - n * h) 

30 ou h est la hauteur du reseau de seuil. w 

est la largeur du reseau de seuil et mod est une 
fonction nruxJutaire. 

12. Le precede selon la revendication 11, dans lequel 
35 n est determine selon I'equatton suivEunte: 

n = INT (dy /h). ou tnt est une fonction integrate. 

13. Le precede selon la revendication 11, dans lequel 
40 les valeurs de seuil correspondant k des pixels ul- 

terieurs adjacents k (dx. dy) peuvent dtre indexees 
de fa9on incrementale et dtre rdcuperees d*une ma- 
nidre sequentielte k partir de dx* et dy*. 

45 14. Un appareil de generation d'tmages comprenant un 
systeme numerique k deml-tetntes dans lequel une 
plage d'intensites d'images est simuiee en action- 
nant des pixels sur un dispositif de sortie selon une 
sequence predeterminee pour engendrer des ima- 
so ges numeriques. ledit dispositif de sortie compre- 
nant un espace numerique d*affichage comprenant 
une matrice de pixels situes sur une grille X-Y. ledit 
appareil comprenant: 

ss une cellule (300) k demi-teintes qui presents 

des dimensions et un angle Initiaux par rapport 
k ta grille de I'espace d'affichage. ladite cellule 
comprenant une matrice de valeurs de seuil re- 
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f^rencdes pour engendrer une image num^ri- 
que ^ demi-teintes; 

un moyen d'ajustement pour ajuster la cellule 
d demhteintes pour Pins^rer dans la grille de 
I'espace d'affichage; 5 

cafact^ris6 par 

un moyen de g^ndratton d*une case limrte 
(325), orientde selon les axes x et y de la grille io 
d'espace d'affichage, qui enveloppe la cellule 
ajust^e (300) k demi-teintes; 
un ensemble d'une ou plusieurs dalles (400, 
405, 410) de valeurs de seuil. lesdites dalles 
6tant engendrdes selon les sommets de la eel- is 
lule (300) k demi-teintes et de la case limite 
(325); 

un moyen de gdndration de valeurs de seuil 
pour les dalles selon une fonction ponctuelle 
pour la cellule ajustde k deml-teintes; 20 
un nrK>yen de determination d'une application 
de dalles recouvrant tout I'espace d'affichage; 
un moyen de revelation des dalles de valeurs 
de seuit pour reconstruire un reseau de seuil 
de valeurs de seuil. 2s 
la hauteur dudit r^eau de seuil dtant dgale au 
plus grand commun ddnominateur de I'incre- 
me nt d'axe x et de I'f ncrSment d'axe y entre des 
sommets de la cellule k demi-teintes et sa lar- 
geur etant egale au nombre de valeurs de seuil 30 
qui sont contenues dans une sequence de va- 
leurs de seuil, k la traversde d'une rangee de 
dalles contigues. avant que la sequence ne se 
r6pkte', et 

une memoire pour memoriser le r^seau de 35 
seuil de valeurs de seuil, les dimensions de la 
menrtoire requise pour memoriser le rdseau de 
seuil etant de fa^on significative moindre que 
la quantity de mSmoire ndcessaire pour m6mo- 
rtser les dalles de valeurs de seuil et la cellule 40 
k demi-teintes; 

grace k quoi la quantity de mdmoire requise 
pour memoriser le r^eau de seuit pour engen- 
drer des images est rdduite et le r^seau de seuil 
est reference pour extraire les valeurs de seuil 4S 
utilisdes pour engendrer une image numertque 
k demi-teintes. 

Uappareil selon la revendicatton 14, dans lequel le 
moyen d'ajustement comprend: so 

un premier moyen tfarrondi pour localiser le 
pixel le plus proche d'un premier sommet de la 
cellule k demi-teintes afin de determiner le pre- 
mier sommet ajuste; ss 
un deuxi^me moyen d'arrondi pour arrondir au 
pixel le plus voisin un deuxidme sommet adja- 
cent de la cellule k demi-teintes afin de deter- 



miner le deuxi&me sommet ajuste, ledit deuxid- 
me sommet etant situd k une distance incre- 
mentale correspondant k une valeur de fre- 
quence de cellule, ladite valeur de frequence 
de cellule comprenant un increment initial d'axe 
X et un increment mitial d'axe Y, ledit increment 
d'axe X et ledit increment d'axe Y etant deter- 
mines selon les equations suivantes: 

a = INT[RjCOS GJ 

b = INT [Rj sin ej 

ou a represente I'increment initial d'axe X, 
b represente increment initial d'axe Y. R^, re- 
presente la longueur souhaitee d'un cate d'une 
cellule k demi-teintes et 0^ represente Tangle 
souharte de la cellule k demi-teintes; 
un troisidme moyen d'arrondi F>our arrondir au 
pixel le plus voisin le troisieme sommet adja- 
cent au deuxidme sommet afin de determiner 
le troisidme sommet ajuste, ledit troisidme 
sommet ajuste etant situe k une distance incrd- 
mentate du deuxidme sommet ajuste corres- 
pondant k la valeur de frequence de cellule, le- 
dit increment d'axe X etant 6gal k increment 
initial d'axe Y et ledit increment d'axe Y etant 
egal k rincrement initial d'axe X; 
un quatridme moyen d'arrondi pour arrondir au 
pixel le plus voisin le quatridme sommet, adja- 
cent au troisieme sommet et au premier som- 
met, afin de determiner le quatrieme sommet 
ajuste. ledit quatri6me sommet ajuste 6tant si- 
tue k une distance incrementale du troisieme 
sommet ajuste correspondant k la valeur de 
frequence de cellule, ledit increment d'axe X 
etant egal k rincrement initial d'axe X et ledit 
increment d'axe Y etant egal k rincr6ment initial 
d'axe Y; 

QTkce k quol les dimensions de la cellule k de- 
mi-teintes sont determinees par la valeur de 
frequence de cellule et Tangle reel par rapport 
k I'espace d'affichage est determine en fonction 
de la Tan b/a. ou Tan represente une fonction 
tangente. 

16. L'appareil selon ta revendicatton 14, dans lequel le 
moyen de generation d'une case limite (325) orien- 
tee selon les axes x et y de la grille d'espace d'affi- 
chage qui enveloppe la cellule ajustee k demi-tein- 
tes comprend un moyen de generation de Itgnes qui 
engendre, le long des axes de la grille d'affichage. 
des lignes d'une longueur a + b, lesdites lignes for- 
mant les cdtes de la case limite, ledit nK>yen de ge- 
neration de lignes tra^ant chacune desdites lignes 
pour qu'elle passe par un sommet de ta cellule ajus- 
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t6e k demi-teintes et le long de i*axe qui est t*axe 
principal d'un cdtd correspondant de la cellule ajus- 
t^e k demi-teintes. 

17. L'appareil selon la revendication 14, dans lequel 
rensembia de dalles oonnprend: 

une prennidre dalle (400) de configuration rec- 
tangutaire dont une diagonale est dgale k un 
premier cdtd de la cellule ajust^e k demi-tein- 
tes. des sommets adjacents qui torment le pre- 
mier c6i6 fomnant les sommets cdt^s opposes 
de la premiere dalle; 

si la premiere dalle ne couvre pas toute la case 
limite, ledit ensemble comprend en outre une 
deuxi^me dalle (405) de configuration rectan- 
gulaire dont une diagonale est ^gale k un 
deuxidme c6t6 adjacent de ia cellule ajustde k 
demi-teintes. les sommets adjacents qui tor- 
ment le deuxidme cCtd formant les sommets 
opposes de la deuxidme dalle; 
si ta premiere et la deuxi&me dalles ne couvrent 
pas ensemble toute la case limite, ledit ensem- 
ble comprend en outre une troisi^me dalle 
(410) de configuration rectangulaire dont un 
sommet est commun avec la premiere dalle et 
un sommet est commun avec la deuxidme dal- 
le, un troisi^me sommet dtant coHn6aire avec 
le premier et le deuxi^me sommets de la cellule 
ajustSe k demi-teintes et le quatridme sommet 
dtant colindaire avec le premier sommet de la 
cellule k demi-teintes et le troisidme sommet 
de la cellule k demi-teintes. 

18. L'appareil selon la revendication 14, dans lequel le 
moyen de g^ndration de valours de seuil pour les 
dalles comprend: 

un espace de coordonn^es intemnSdiaires cen- 
trd autour de ta cellule k demi-teintes, I'espace 
s*dtendant 6e - A k + ^; 
un moyen de transformation pour transfomier 
les valeurs de coordonndes de la cellule k de- 
mi-teintes dans I'espace k coordonndes inter- 
mddiaires; 

un moyen de gdn^ratton d'une valeur intemi6- 
diaire de seuil pour cheque emplacement de 
valeur de seuil des dalles selon la fonction 
ponctuelle et les valeurs transform^es de coor- 
donndes; et 

un moyen d'application des valeurs de seuil in- 
temnddiaires k la plage d'intensitds k simuler 
afin d'engendrer les valeurs de seuil; 
un moyen de remplacement pour mdmoriser 
dans les dalles les intensitds appliqu6es aux 
valeurs de seuil intermSdiaires. 

19. L'appareil selon la revendication 18, dans lequel la 



fonction ponctuelle est: 

f (X, y) = 1 - x2 - y2, oil X et y sont les valeurs de 
coordonn^es transformdes d'un pixel dans une 
5 cellule k demi-teintes par rapport au centre de 

la cellule k demi-teintes. 

20. L'appareil selon la revendication 14, dans lequel le 
moyen de ddvebppement des dalles de valeurs de 

10 seuil afin de fomner un r6seau de seuil comprend 
les Stapes consistant k: 

un moyen de determination de la hauteur du r4- 
seau de seuil pour qu'elie soit ^gale au plus 

IS grand commun d^ominateur de a et b; 

un moyen de ddtemninatlon du contenu d'une 
premiere rang^e du r^eau de seuil en debu- 
tant k une rangSe initiale d'une dalle initiate et 
en explorant la rangde de dalles, jusqu'^ ce 

^ qu'une repetition de la dalle initiale soit atteinte. 

ledit contenu^etant les valeurs de seuil de la dal- 
le initiale et de dalles adjacentes avant la repe- 
tition de la dalle initiate; 

un nrK>yen de detemnination du contenu de ran- 
25 g6es ulterieures du reseau de seuil qui sont des 

rangees ulterieures adjacentes k la rangee ini- 
tiale de la dalle initiate, lesdites rangees ulte- 
rieures etant de la mSme largeur que la premie- 
re rangee, le nombre de rangees etant deter- 
30 mine par la hauteur du reseau de seuil. 

21. L'appareil selon la revendication 14, qui comprend 
en outre un nrtoyen d'acces pour recuperer, du re- 
seau de seuil, une valeur de seuil pour restituer un 

35 pixel dont les coordonnees (x, y) sont (dx, dy) com- 
prenant 

un moyen de determination, k partir du reseau 
de seuil k {'emplacement (O. O). de I'emplace- 
ment de dy par rapport au nombre de rangees 
de reseaux de seuil; 

un moyen de reglage d'un depoit pour qu'il soit 
egal au nombre des vateurs de seuil dans une 
rangee de dalles, le nombre des rangees de 
dalles etant egal k ta hauteur du reseau de 
seuil, ledit deport indiquant le nombre de va- 
leurs de seuil dont le reseau de seuil est decaie 
pour chaque rangee utterieure de reseaux de 
seuit; 

un moyen de generation d'un index (x, y) egal 
k (dx', d/) dans le reseau^le seuil pour recu- 
perer la valeur de seuil afin de restituer le pixel 
k coordonnees (dx, dy) en utilisant les equa- 
tions suivantes: 

dx' = (dx - n * deport) mod (w) 
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dy' = (<Jy - n * h) 

oCi h est la hauteur du r^seau de seuil. w 
est la largeur du r^eau de seuil et mod est une s 
foncticm modulaire. 
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Figure 2a 
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Figure 3 
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